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ABSTRACT
P o la r iza tio n  phenom ena in so lid s  have been  w id ely  stud ied . S im ­
ila r  e f fe c ts  in h igh ly  insu lating liqu ids a re  known and have been d is ­
c u s se d  in J a ffe 's  "Theory of P o la r iza b le  M edia, " but no ex ten siv e  
ex p er im en ta l study has been  rep orted . It is  the p urpose of the p resen t  
in v estig a tio n  to  o ffer exp erim en ta l ev id en ce that such  phenom ena do 
e x is t ,  to  produce them  by s e v e r a l m ethods, and to o ffer a qu alita tive  
explanation  of the o b serv a tio n s .
C arefu lly  p u rified  hexane w as studied  and w as a lso  used  as so lven t
for v e r y  d ilu te so lu tion s of anthracene, d iphenylam ine, and lead  o lea te .
\
The liq u id s w ere  contained in a c e l l  to  which a constant d .c .  voltage  
w a s app lied . M easu rem en ts of the cu rren t through the liquid v s . tim e  
w er e  m ade using a Lindem an e lec tro m e ter  sy ste m . The ob serv ed  c u r ­
ren ts  w ere  of the ord er of 1 .6  x  10“ ^  to 4 x  1 0 " ^  am p.
A ll the liqu ids studied exh ib ited  p o lar iza tion  e ffec ts  upon ap p lica ­
tio n  of the vo lta g e , which w ere  s im ila r  to th ose  obtained in c r y s ta ls  
ex cep t that, upon rem o v a l of the vo ltage , the back cu rren t w as v e r y  
m uch sm a ller  than w as the charging cu rren t. In liqu ids of high ion ic  
con cen tration  the back current a lso  re v e r se d  d irectio n  w ithin one 
m inute a fter  rem oval of the f ie ld .
The ra te  of d e c r e a se  of the charging cu rrent w as a function of
v ii
the v o lta g e , the concentration , and the to ta l length of tim e  of vo ltage  
ap p lication  fo r  hexane, an thracene, and d iphenylam ine sa m p le s . The 
cur ren t-v o lta g e  c h a r a c te r is t ic  of th e se  liqu ids obeyed  O hm 's law . 
H ow ever, lead  o lea te , a fter  su ffic ien t e le c tr o ly tic  p u rifica tion , e x ­
h ib ited  sa tu ration  cu rren ts .
P o la r iza tio n  e f fe c ts  w ere  a lso  o b serv ed  in  hexane by two m ethods  
w hen radium  w as used  a s  an ion izing  so u r ce .
No p h o to -e le c tr ic  volum e ion ization  could be o b serv ed  down to a 
o
w ave length  of E l67 A .
The e x is te n c e  of a d rift cu rren t (g iven  by half the d ifferen ce  of 
the p o s it iv e  and n egative cu rren t v a lu es corresponding to a g iven  tim e  
and vo ltage) w as shown by the liq u ids and g en era lly  it m ade the cu r ­
r en ts  fo r  n egative v o lta g es  la rg er  than fo r  p o sitiv e  o n es.
It w as shown for a d iphenylam ine sam p le that the rate  of change  
of the charging cu rren t can not be rep resen ted  by a s im p le  exponential 
cu rv e , but approaches such a curve a sy m to tica lly .
T h ese  ob serv a tio n s can a ll be explained if  the boundary conditions  
given  by Jaffe' for so lid s  are m odified  by assu m in g that a portion  of 
the ion s can g ive  up th eir  ch a rg es  to the e le c tr o d e s . T h ese ion s p ro ­
duce the conduction cu rren t. T hose w hich cannot be d isch arged  form  
the p o la r iza tio n  la y e r s  a s  in the c a se  of so lid s . The num ber of ions  
in the p o larization  layer  w ill depend upon the rate at w hich the ions  
approach the e lec tr o d e s  (which depends upon the concentration  and the 
f ie ld  strength) and the rate at which they can d isch a rg e  to the e le c tr o d e s .
v iii
I. INTRODUCTION
The f ir s t  sy stem a tic  work on the conductance of liquid d ie le c ­
t r ic s  w as reported  by R. K ohlrausch in 1854. F rom  that tim e until 
the beginning of the 20th century so m e 150 pap ers w ere published  
and a re  co llec ted  in a b ibliography by Schwe id le r . ^  T h ese  papers  
w ere  on variou s p h a ses of the subject, and it  w as found that th ose  
w hich  reported  on the sp e c if ic  conductivity  of liquids often gave v a l­
u es w hich could not be repeated  and w hich v a ried  w ithin very  w ide  
l im it s .  T his w as e sp e c ia lly  true of petro leu m  eth er, benzene, c a r ­
bon d isu lfid e  and s im ila r  liq u ids.
In 1909 J a ffe ’2® m ade a m ajor contribution to the f ie ld  by p r e ­
paring hexane which w as so  free  of cu rrent carry in g  im p u rities  that 
h is  v a lu es for conductance could be reproduced in d ifferent sa m p les  
and w ere  far le s s  than th o se  p rev io u sly  rep orted . U sing th ese  v ery  
pure sa m p le s  he found that the hexane behaved in the m anner of a 
d en se  gas in that the current becam e independent of the applied v o lt­
age and of the tem p eratu re . By using lead  s c r e e n s , he could show  
that two th irds of the conductivity  w as caused  by extern a l rad ioactiv ity . 
On le s s  pure sa m p les  the cu rren t-v o lta g e  ch a ra c ter is t ic  show s an 
O hm 's law  re la tio n .
He lik ew ise  dem onstrated  that the va lu es for the p o sitiv e  and
1
2n egative  cu rren ts  corresponding to a given  vo ltage w ere  not the sam e  
and that it w a s, th erefo re , n e c e s sa r y  to a verage  the cu rren t am ounts 
in  the two d ire c tio n s . A lso  th ere  w as a lagging of the r e s is ta n c e  v a l­
u es  behind the application  of the vo ltage for l e s s  pure sa m p les; w h ere­
a s , th is  "Aufladung" w as not n ea r ly  so  m arked for th o se  sa m p les  
having e x tre m e ly  high r e s is ta n c e s .
At about th is  tim e experim enters^* *9, 25 w ere  in v e s t i­
gating the e ffe c ts  of X -ra y s  and radium  upon the e le c tr ic a l  p ro p ertie s  
of the liq u ids (e ffec ts  d isco v ered  by P . C urie in 1902), A lso  it w as  
e a s ie r  to w ork w ith a liquid of v ery  low conductance (of known amount) 
and to  in c r e a se  the conductance a r t if ic ia lly  by m ean s of ion izin g  ra d i­
a tion s to a value w hich w as m ore e a s ily  m easu red . P a p ers  on r e c o m ­
bination, d iffusion , m ob ility , e tc . of the ion s w ere published . ^
During the sam e period  r e se a r c h e s  on the p h o to e lec tr ic  e ffect  
of cer ta in  su b stan ces in  so lu tion s irrad iated  by u ltra -v io le t  light 
21, 43, 47 w ere  p erform ed . A resu m e' of th is  work is  g iven  by V olm er.
In a ll  of the above m entioned lin e s  of in vestiga tion  (pure liq u ids, 
liq u ids treated  with radium , and liqu ids show ing a p h o to e lec tr ic  effect), 
a s  w e ll a s  for v ery  d ilu te so lu tion s in a pure so lvent, ^  the phenom ­
enon of p o larization  p lays a part, being an ob stac le  to the exact m e a s ­
urem ent of sp e c if ic  r e s is ta n c e s . Its e ffec ts  w ere m in im ized  w h erever  
p o ss ib le , but an in vestiga tion  into the phenom ena causing p olariza tion  
w as not p erform ed , and the in te r e st  of resea rch ers  w as shifted  to other  
f ie ld s .
3Much w ork13, ^  w as done betw een  1910 and
1925 on the p h o to e lec tr ic  volum e e ffec t of c r y s ta ls . Two leading  
sc h o o ls  of in vestiga tion  w ere  th ose  of J o ffe ' and P oh l. In 1903 Joffe' 
d isco v er ed  that ro ck sa lt w hich w as trea ted  with X -r a y s  w as about a 
m illio n  t im e s  b etter conductor, when exp osed  to v is ib le  ligh t, than 
untreated  ro ck sa lt .
P ohl and h is  co lla b o ra to rs  separated  the e ffe c ts  of volum e ion ­
iza tio n  in c r y s ta ls  from  th ose  due to p o larization  and gave an exp lana­
tion  of the h itherto  d isturbing phenom enon of a current in  the r e v e r s e  
d irectio n  a fter  rem oval of the applied  v o lta g e . Investigation s w ere  
a lso  conducted on photoconductivity of g a s e s . 38, 45
The work on c r y s ta ls  created  a new in te r e st  in conductivity  
m ea su rem en ts  and p o larization  which w as extended to work on liq u ids, 
and from  1930 to the p resen t tim e an in crea sin g  num ber of papers have 
been published on the p rop erties  of liq u id s. *2, 28, 29, 34, 35,
39, 41 ^  the past ten y ea rs  e sp e c ia lly , con sid erab le  work has been  
done using a lternating  cu rren ts on liquids and on p la s t ic s  (which in 
m any w ays behave a s  v ery  d en se liq u id s). ^ ^
In 1933 Jaffe'3* developed a theory  on the "Conductivity of 
P o la r iza b le  M edia. " He applied it m ain ly  to the m ea su rem en ts on 
c r y s ta ls  and so lid s  m entioned above, but pointed out that h is r e su lts  
a re  ap p licab le, at le a s t  in part, to liq u id s. T h erefore, it seem ed  
d es ira b le  to obtain exp erim en ta l data on p olarization  in liqu ids by a ll  
the ava ilab le  m ean s. The p resen t in vestiga tion  w as undertaken with
4th is  end in m ind. '
Since it fo llo w s from  the work^® cited  above that the p o la r iz a ­
tion  e ffe c ts  d isappear in ex ceed in g ly  pure h exan e, it w as decided  that 
th is  liquid  should be used and that it should be m ade a r t if ic ia lly  con­
ducting in  the fo llow ing w ays: (a) if  fe a s ib le , by m ean s of the photo­
e le c tr ic  e ffect of a d isso lv ed  sub stan ce, i . e . , anthracene, (b) by use  
of ra d ioactive  radiation , and (c) by d isso lv in g  known quantities of 
s o lu te s . A ll th ese  m ethods w ere  attem pted and w ill be rep orted  on 
se p a r a te ly .
II. EXPERIM ENTAL PROCEDURES AND APPARATUS
A. P rep aration  of S o lu tion s:
T echn ica l grade hexane m anufactured by E astm an Kodak Co. 
w as p u rified  by repeated  d is t illa tio n s . The liquid w as p laced  in  
a Corning G la ss  #4320 two lite r  boiling fla sk  and the vapors w ere  
p a ssed  up through a W idmer d istillin g  colum n with a ir  jacket 
(S cien tific  G la ss  Co. # J -1084). At the top of th is  colum n the 
vapor w ent through an S. G. # J - l l 6 l vacuum  jacketed  d istillin g  
head , into which w as fitted  a 0 -350  °C  th erm om eter , to  a C. G. 
#2640 F r ed r ick s  (water cooled) con d en ser. The liquid hexane  
then p a ssed  through a C. G. #9420 suction  d istillin g  tube (the su c ­
tion  outlet being used to attach a CaCl2  drying unit) into a C. G. 
#4320 500 m l. rece iv in g  fla sk . T here w ere two such 500 m l. 
fla sk s  w hich could each be fitted  with a ground g la ss  stopper.
The outlet to the atm osp h ere from  the sy stem  w as through the 
ca lc iu m  ch lorid e  drying tube to prevent m oistu re from  en tering. 
The two lite r  f la sk  w as p a rtia lly  im m ersed  in a bath of hydrogen­
ated  cotton seed  o il which in  turn w as heated by a 550 watt P r e c i­
s io n  S c ien tific  Co. e le c tr ic  h ea ter . The wattage used by the heater  
w as regu lated  by a V ariac. An e le c tr ic  heater w as used b ecau se of 
the e a se  of regu lating the tem perature of the o il bath and the fact
5
6that hexane vapor is  in flam m ab le.
A ll p ortion s of the s t i l l  w ere connected with ground g la s s  jo in ts , 
a s  rubber would have contam inated the liquid. The p arts w ere  
c lea n ed  sep a ra te ly  with a clean ing so lu tion  of p o ta ssiu m  d ichrom ate  
and su lp h u ric  ac id , w ashed w ith tap w ater and then w ith d is t illed  
w a ter , and fin a lly  w ashed with stea m  for 30 m in u tes. They w ere  
d ried  by forc in g  a ir  through them  w hile they w ere s t i l l  hot.
The liquid w as d is t ille d  s e v e r a l t im e s , re serv in g  only the p or­
tion  w hich b oiled  betw een 67 and 69 °C . At le a s t  th ree  such s u c c e s ­
s iv e  d is t illa t io n s  on the sam e sam p le w ere  n e c e ssa r y  to produce  
hexane w ith  an accep tab le sp e c ific  conductivity.
B oilin g  beads could not be used  a s they function p rop erly  only  
for  one d is t illa tio n  and fr e sh  ones (introducing additional contam in­
ation) would be n e c e s sa r y  for any subsequent d ist illa tio n s . C on se­
quently the tem p eratu re of the o il bath w as regulated  with ex trem e  
ca re  during the in itia l stage of any d istilla tio n  to prevent "bumping" 
of the liqu id .
A ll v e s s e ls  w hich w ere to hold the purified  hexane sam p le at 
so m e  la ter  tim e  rece iv ed  the sa m e in itia l clean ing treatm ent as  
the s t i l l ,  and a fter  each  d istilla tio n  they w ere r in sed  w ith the d is ­
t il la te . In th is  w ay a ll the v e s s e ls  w ere made a s  c lean  a s  the 
liquid it s e lf .
The sto ra g e  f la sk s  for the liquid after it becam e su ffic ien tly  
pure a re  shown in F ig . 1. By using a ca lib rated  pipette sea le d  into
7the top of the ground g la s s  stopper, portions of the liquid  could be 
rem oved  without introducing an unclean su rfa ce  into the f la sk  and 
w ithout having to  pour the liquid from  the m outh of the fla sk , w hich  
could  e a s ily  b ecom e contam inated by handling.
A check w as m ade of the purity of the hexane that had been in  
one of th e se  f la s k s  for 29 days and it w as found to be the sam e as  
on the f ir s t  day.
The m ethod of p u rification  of E astm an Kodak #105 diphenylam ine  
and of E . K. #480-X  anthracene (the pu rest grad es co m m erc ia lly  
a v a ila b le ) w as the sa m e. The c r y s ta ls  w ere d isso lv ed  in a m ixture  
of h a lf ether and half p etro leu m  eth er. T his so lu tion  w as then 
heated  over  a stea m  bath until a lm o st saturated  (the escap in g  vapor 
would d ep osit sm a ll c r y s ta ls  on the s id e s  of the fla sk  above the liq ­
u id). The fla sk  w as then plunged into an ic e  bath until the c r y s ta l­
liz a tio n  w as co m p le te . The c ry s ta ls  w ere then filte r ed  out and 
r e d isso lv e d , and the p r o c e ss  w as repeated  for a total of th ree  such
9
c r y s ta ll iz a t io n s .
T h ese  purified  c r y s ta ls  w ere  then used to m ake up the so lu tions  
by w eighing out a known amount of the c r y s ta ls  and d isso lv in g  it in  
the 250 m l. s to ra g e  fla sk . M ore d ilute so lu tion s w ere m ade by 
pipetting 2 . 7  m l. from  th is container into a 1 0 0  m l. vo lu m etric  
f la sk . P ure h exan e,from  the 1000 m l. storage fla sk , w as then  
added to m ake a to ta l of 1 0 0  m l.
Lead o lea te  w as not ava ilab le  in a su ffic ien tly  pure co m m er-
FIG.  I
ST O R A G E  FLASK
PU tini/m
Grutrrf 
-»*-VW/»or V ent
El t e t r o d e s  
Brass ring
f i g . a  
MEASURING CELL
APPROXIMATE SCALE
8c ia l form  and so  w as m ade from  reagen t grade o le ic  acid  and ch em ­
ic a lly  p are grade lead  a ce ta te . The lead  a ceta te  w as d isso lv e d  in 
a lco h o l and the o le ic  acid  added. T his so lution  w as then concen trated  
over  a stea m  bath until a lm o st saturated . The fla sk  w as next im ­
m e r se d  in an ic e  bath until p rec ip ita tion  w as com p le te . The le s s  
d en se  liquid , co n sistin g  of a lcoh o l and a ce tic  acid , w as decanted off 
and the m o re  d en se lead  o lea te  w as r e se r v e d  for  future u se . H exane 
w a s now added to the decanted portion (as lead  o lea te  w as so lu b le in  
hexane but lead  a ceta te  w as not) and su ffic ien t o le ic  acid  added to 
th is  m ixtu re to rea ct co m p le te ly  w ith the lead  a ceta te . Then a lcoh ol 
w as again  added and the liquid concentrated  until saturated , and f i ­
n a lly  it  w as coo led  in the ic e  bath. The lead  o lea te  w as sep arated  
from  the a lcoh o l by decantation a s  before and added to the f ir s t  p o r­
tion of lead  o le a te . Then the w hole p r o c e ss  of adding a lcoh ol, con­
cen tratin g , cooling , and decanting w as repeated  th ree m ore t im es  
and the resu ltin g  lead  o lea te  w as a w hitish  so lid . T his so lid  w as  
w ashed  s e v e r a l t im e s  with d is t illed  w ater to rem ove any so lu b le  
im p u r it ie s  p resen t and then with c lea n  a lcoh ol three t im es  to r e ­
m ove the w ater . The so lid  w as then dried  under a watch g la ss .
The lead  o lea te  so lu tion s w ere m ade by using a saturated  so lu ­
tion  in hexane and then pipetting 5 .4  m l. into a w eighing bottle  
w hich had p rev io u sly  been thoroughly dried  and w eighed. T his liq ­
uid w as s lo w ly  evaporated to d ry n ess, and the bottle w as rew eigh ed .
8 . 1 m l. of hexane w ere then added to the bottle (this amount being
9su ff ic ie n t to co m p le te ly  r e d isso lv e  the lead  o lea te) and 2 .7  m l. w ere  
then p ipetted  into the sm a ll s to ra g e  fla sk , and a known am ount of 
hexane w as added. M ore d ilu te so lu tion s w ere m ade using th is  l iq ­
uid and v o lu m etr ic  f la sk s  into w hich  pure hexane w as added.
F or the lead  o lea te  m ea su rem en ts  the sto ra g e  liquid w as m ade 
up ju st b efore u se . O ver a period  of tim e, a s  new sto ra g e  so lu tion s  
w e r e  m ade fro m  the so lid  lead  o lea te , it w as noticed  that the so lid  
aged  to  a dark er crea m  c o lo r . T h erefore , the so lid  w as again  
w ash ed  w ith  w ater and a lcoh o l b efore so lu tion  D 5 9  w as m ade up.
K le c tr ic a l equipm ent;
The f ir s t  c e ll  used  for m ea su rem en ts  w as m ade of g la s s  and 
had th ree  e le c tr o d e s  -  the high vo ltage  lead , the e lec tr o m e ter  lead , 
and a lead  to  the guard about the e lec tr o m e ter  e lec tr o d e . The in ­
su la tion  of the g la s s  w as in su ffic ien t, so  a short cy lin d r ica l guard  
ring  w as p laced  around the e le c tr o m e ter  lead  and cem ented  to the  
g la s s  w ith  S a u re isen .
Am ber insu lation  w as used  betw een th is lead  and the in sid e  of 
the cy lin d r ica l guard rin g . The guard its e lf  w as grounded. T his  
arran gem en t req u ired  se v e r a l hours baking at 50 °C  at frequent in­
te r v a ls ;  so  the am ber insu lation  w as d iscard ed  in favor of p o lish ed  
p o ly sty ren e  in the hope of reducing the leakage due to hum idity con ­
d itio n s . H ow ever, the p o lystyren e d isso lv ed  in the hexane vapor 
ju st enough to a ffect the m ech an ica l r ig id ity  (and thereby the sp a c­
ing) of the le a d s . A lso  the d isso lv ed  p o lystyren e s lig h tly  in crea sed
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the conductiv ity  o f the hexane,
It becam e evident that the prob lem  of obtaining good insu lation  
could on ly  be so lv ed  by in sta llin g  an a ir  conditioning sy ste m  which  
would red u ce the high value of the hum idity in .the room . T h is w as  
done, and at the sa m e tim e a new c e ll  top with only two e le c tro d e s  
w as tr ie d .
N ext sulfur p lugs w ere  used to rep la ce  the p o ly sty ren e . The 
su lfur w orked q u ite  w e ll but had a tendency to shatter a fter two or 
th ree  days (probably due to p r e ssu r e  on it caused  by the sm a ller  
c ir c u m fer e n c e  of the n ick e l guard ring a fter it had cooled ). How­
e v e r , th ere  w ere  s t i l l  e f fe c ts  cau sed  by e le c tr o sta t ic  ch arges in ­
duced on the su r fa ce  of the g la s s . T hese had not been so  apparent 
when the room  hum idity had been fa ir ly  high but w ere quite tro u b le­
so m e in the dry a ir .
T h erefo re , the cy lin d rica l guard ring w as lengthened until it  
a lm o st co m p le te ly  covered  the e lec tro m eter  lead . T his reduced  
th e am ount of the e lec tr o sta t ic  charge, so  a second  guard cylinder  
w as p laced  about the high voltage e lec tro d e , and fin a lly  the in ter io r  
of the low er portion  of the c e l l  w as s ilv e r e d . Even with a ll  th ese  
p recau tion s th ere  s t i l l  ex is ted  a sm a ll amount of charge that w as  
su ffic ien t to d isturb  the current read ings im m ed ia te ly  after applying 
a vo ltage to or after grounding the high v o ltag e  e le c tro d e .
The g la s s  c e ll  w as then abandoned in favor of a b r a ss  one. See  
F ig . 2 . The long guard rin gs w ere  retained  in the new c e ll ,  but
nam ber w a s returned a s  the insu lating  m a ter ia l.
The p rob lem  of attaching the quartz windows to the b r a ss  w as  
l e s s  d ifficu lt than it had b een  w ith the g la s s  c e l l .  The windows w ere  
held  in  p la ce  by m ean s of m eta l p la te s  each  having a cen ter  hole  
ju st sm a lle r  than the d iam eter of the windows so  that the ed g es  of 
the quartz w indows w ere  co v ered . Then a rubber w ash er w as used  
betw een  the outside of the quartz and the m eta l p la te , hong bolts  
extended through the four co rn ers  of one p late to the p late  on the 
o p p osite  sid e  of the c e l l .  B y tightening down on the two p la tes  the 
w indow s w ere held  f ir m ly  against the b ra ss  support r in g s on the c e l l .
The su rfa ce  around the outside of the b r a ss-q u a r tz  in terface  
w as coated  w ith sodium  s ilic a te  to prevent leak age of the liquid.
T h is arran gem en t serv ed  e ffec tiv e ly  a s  long a s  m ore w a te r -g la s s  
w as added ev ery  two or th ree days, s in ce  the sodium  s il ic a te , w hile  
co m p le te ly  in so lu b le  in hexane, softened upon exp osure to a tm o s­
p h er ic  m o istu re  when the a ir  conditioner w as not in operation  o v e r ­
night.
W hile using the g la s s  container s e v e r a l g lu es w ere  tr ied  in 
p lace of the w a te r -g la s s , including f ish  glue, but w ere  found to be 
su ffic ien tly  so lu b le  in hexane to r a ise  the conductivity of the liquid. 
A lso , on the m eta l c e ll,  w a sh ers  of polyethylene and of teflon  w ere  
tr ied  betw een the b r a ss  and the window. The teflon  w as not su ffi­
c ien tly  r e s ilie n t  (for the d im en sion s of the w a sh ers used) to prevent  
leak age, and the polyethylene sa m p les  contam inated the liquid
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slig h tly  w hen they w ere  f ir s t  tr ied .
T here w ere  two low er p ortions of the c e l l  that w ere  u sed . One, 
having quartz w indows w as em ployed for the op tica l m ea su rem en ts , 
and one without quartz windows w as used  for a ll other m ea su rem en ts . 
The c e l l  w ithout windows w as su ffic ien tly  a ir  tight s o  that th ere  w as  
no p ercep tib le  evaporation  from  a sam p le contained in  it for a period  
of a w eek .
The clean in g  p r o c e ss  used  h ere  w as d ifferen t fro m  that used  on 
the s t i l l  a s  the p o ta ssiu m  dichroraate so lu tion  would attack the s o l­
d ered  p o rtio n s. The c e ll  w as w ashed ca re fu lly  w ith a lco h o l and then  
eth er and afterw ard  r in sed  s e v e r a l t im es  with the p urified  hexane. 
E ven  so , it w as n e c e s sa r y  to apply a high vo ltage to the hexane sa m ­
p le  overn ight, rem ove the liquid, apply a high voltage to a secon d  
sa m p le  overnight, e tc . for four or fiv e  tim eS before the sp e c if ic  r e ­
s is ta n c e  of the hexane w as found to be approxim ately  the sa m e for  
two su cceed in g  sa m p les .
B efore the am ber in su la to rs w ere in ser ted  into p osition  (while 
a ssem b lin g  the upper portion of the ce ll)  they w ere ca re fu lly  w ashed  
with a lco h o l and then w ith ether to rem ove a ll tr a c e s  of o il or w ater .
A d iagram  of the apparatus is  given  in F ig . 3, a photograph of 
it in F ig . 4 . Sw-j i s  a sw itch , which when used in conjunction with  
SW4  , ap p lies  a p o sitiv e  or negative potential from  a c r o s s  R j to the 
e le c tr o m e te r  n eed le . Sw^ p ro jects  through a copper sh ie ld  arra n g e­
m ent w hich co v e r s  the insulated  sy ste m  to sh ie ld  it e le c tr ic a lly  and
Di a g r a m  O f  A p p a r a t u s
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at the sa m e tim e w hich i s  su ffic ien tly  a ir  tight to a llow  a sm a ll  
am ount of ca lc iu m  ch lorid e p laced  in sid e  it to keep the a ir  dry for  
24 h o u rs. T h is drying action  w as found n e c e s sa r y  as o th erw ise  
the ch arge on the in su la ted  sy ste m  leaked off a c r o s s  the am ber to 
th e guard r in g . The cap acity  of th is  sh ie ld ed  insu lated  sy ste m  
w as found by use o f a G eneral Radio, Radio F req uency  C apacity  
M eter to be 1 9 .6  m ic ro  m icro  farad s (including the e lec tro m e ter  
and lea d s) and the cap acity  of the c e ll  alone to be 10 .3  m icro  
m ic r o  fa ra d s w ithin 2%.
Surrounding the c e l l  is  a 1 /2  inch lead sh ie ld  w hich w as used  to  
red u ce  ion ization  of the liquid by outside radiation . A ll the m e a s ­
u rem en ts using radium  w ere m ade w ith additional lead  sh ield ing  
so  a s  en tir e ly  to p rotect the upper portion of the c e ll  and the e le c ­
tro m eter  lea d . The m easu rem en t of the capacity  of the insulated  
s y s te m  w as a lso  m ade with th is  additional sh ield in g .
The high voltage supply to the c e ll  w as a bank of dry c e l ls  in ­
su la ted  from  one another and fro m  th eir  support by paraffin . Sw£ 
i s  m ade from  a block of paraffin  with four m ercu ry  p o o ls . One is  
p erm an en tly  grounded, one is  connected to the high sid e  of the 
m ea su rin g  c e ll ,  and the other two are connected to the battery  
te r m in a ls . T here a re  th ree d ifferen t sw itching arran gem en ts  
con stru cted  from  sea lin g  w ax and heavy copper w ire . One sw itch  
puts a p o sitiv e  voltage on the c e ll ,  one a n egative vo ltage, and the 
th ird  grounds it .
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la  m aking the cu rren t v s .  t im e  m ea su rem en ts  the vo ltage to 
the high v o ltage  s id e  of the c e l l  w as the one that w as v a r ied . The 
p oten tia l cau sed  a cu rren t to flow  betw een  the high v o ltage  e lec tro d e  
and the e le c tr o m e te r  e lec tro d e , w hich rem ain ed  near ground poten­
t ia l  w hen it w as not a ctu a lly  grounded.
The ijindem an e le c tr o m e te r  w as m ounted on the sta g e  of a  m i­
c r o sc o p e  and the ex cu rsio n  of the e le c tr o m e ter  n eed le  w as v iew ed  
su p er im p o sed  on a s c a le  in  the m icro sco p e  e y ep ie ce . The e le c ­
tr o m e te r  w as u sed  to  m ea su re  the rate of charging of the c e l l  e le c ­
trod e w hich w as connected  to the e le c tr o m e te r . The cu rren t w as  
m ea su red  in  te r m s  of the num ber of seco n d s requ ired  for the n eed le  
to  tr a v e l a c r o s s  a g iven  num ber of s c a le  d iv is io n s . F ro m  th is the 
num ber of d iv is io n s  per secon d  w as found.
The num ber of d iv is io n s  per second  w as then m u ltip lied  by the 
num ber of v o lts  per d iv is io n  (obtained from  the vo ltage sen s it iv ity  
ca lib ra tio n , s e e  F ig . 5) g iving the num ber of v o lts  per secon d  c o r ­
responding to  the read in g . T h is value w as then m ultip lied  by the 
ca p a cita n ce  of the in su lated  sy s te m  to  g ive the cu rren t in a m p e r e s .
The vo ltage supplied  to the Linde man e le c tr o m e ter  term in a ls  
w a s obtained from  the C am bridge Instrum ent Co. L indem an E le c ­
tro m eter  V oltage Supply Unit. T his required  an in itia l w arm ing up 
p erio d  b efore becom ing constant (due to the heating effect of the 
c ir c u it  e lem en ts) and th erefo re  w as a llow ed  to rem ain  on except  
o v er  w eekends or h o lid ays. The undeflected  p osition  of the L in d e-
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m an n eed le  and tlie s e n s it iv ity  adjustm ent rem ained  e n tir e ly  constant 
w ith  th is  trea tm en t. The vo ltage  to the e le c tro m e ter  term in a ls  could  
be cut o ff to  rem o v e  the c e l l  for changing the liquid  without cutting  
off the v o lta g e  to the supply unit.
Seven  d ifferen t s e n s it iv it ie s  of the Lindem an e le c tr o m e te r  w ere  
u sed , th e se  corresp on d ed  to  v o lta g es  applied  to SW3  to produce a fu ll  
s c a le  d e fle c tio n , of .0 4 7 1 , .0 9 4 3 , .1 8 8 , .2 8 2 , .3 7 7 , .5 6 4 , and .7 5 2  
v o lts .  F o r  the h igher v o lta g e s  (low er s e n s it iv it ie s )  the se n s it iv ity  
w as constant over the en tire  s c a le . F o r  the two h igh est s e n s it iv it ie s  
the num ber of v o lts  per sc a le  d iv isio n  w as a lin ear function of the  
d efle c tio n . M ost of the m ea su rem en ts  w ere  taken w ith a se n s it iv ity  
of . 047 vo lt per 50 s c a le  d iv is io n s .
F or  ca lib ratin g  the vo ltage se n s it iv ity  of the e lec tro m e ter  sc a le  
a known p oten tia l w as applied  to SW3  and the Lindem an voltage w as  
adjusted  to g ive  a m axim um  sc a le  ex cu rs io n . The s c a le  reading of 
the n eed le  when Sw^ w as grounded w as a lso  noted. The v a lu es  of 
R j and R2  w ere  then adjusted  to g ive a sm a ller  sc a le  ex cu rsio n  
(keeping the to ta l value of R j + R^ constant). T h is w as repeated  
for  th ree  sm a lle r  v o lta g es  applied  to  SW3 , and thereby the number 
of v o lts  per d iv is io n  corresp on d in g  to variou s sec tio n s  of the m i­
c r o sco p e  sc a le  w ere  d eterm in ed  by d iffe re n c es . T hese .sen sitiv ­
i t ie s  a re  p lotted in F ig . 5. At the high  s e n s it iv it ie s  read in gs w ere  
d ifficu lt to obtain s in ce  the fib er  w as s lu g g ish  in  reach ing its  eq u i­
lib r iu m  p o sitio n . T h erefore, the erro r  in the ca lib ration  is  high.
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In a ll  other c a s e s  the e r r o r  i s  v e r y  m uch l e s s .  The v a lu es of v o lt­
a g e  p er  d iv is io n  for  the la r g e s t  se n s it iv ity  w ere w ithin 3. 8 % and for  
the n ex t-t© -th e -lo w e st  w ithin 2 , 0 %  of the m ean va lu e .
F or actu al cu rren t m ea su rem en ts  the s e n s it iv ity  of the e le c ­
tr o m e te r  w as adjusted  for m easvirem ent by putting a known vo ltage , 
fro m  a c r o s s  in the p oten tiom eter arrangem ent shown in F ig . 3, 
onto sw itch  SW3  w hich con n ects to  the e le c tr o m e te r  n eed le . The 
v o lta g e  to the Lnndeman term in a ls  w as then adjusted to g ive m ax­
im u m  s c a le  d eflectio n  of the n eed le .
The cu rren ts  m easu red  on the low est s e n s it iv it ie s  w ere  from  
4 x  10**^ to 4 x 10“ ^  am p. and on the h igh est s e n s it iv ity  4 x  10“ ^  
to 16 x  10“ ^  am p. The a ccu racy  of the m ea su rem en ts  at the h igh est  
se n s it iv ity  is  not too g rea t. An ob servation  taken during the f ir s t  f i f ­
teen  m in u tes so m etim es  d iffered  in  value from  that of the curve by 
a s  m uch a s  10%. When the lo w est s en s it iv ity  w as used , the value  
of an individual m easu rem en t w as within 5. 5% of the value of the  c u rv e . 
A fter 15 m in u tes, how ever, the a v era g es  of s e v e r a l ob servation s  
w e r e  u sed  as the current did not change so rapid ly. The la ter  m e a s ­
u rem en ts taken at the low er s e n s it iv it ie s  w ere c o rr ec t  w ithin 3%.
C . O ptical S y stem ;
The op tica l sy s te m  used in the photoconductivity m ea su rem en ts  
is  a lso  shown sch em a tica lly  in F ig . 3. The open a ir arc  used on the 
diphenylam ine so lu tion s w as produced betw een iron  e lec tr o d e s  using
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a 15 KW 125 vo lt d . e .  gen erator a s  pow er so u rce  and two 500 watt 
ligh t bulbs a s  b a lla st r e s is t o r s .  The other p h o to e lec tr ic  m e a su r e ­
m en ts  em p loyed  a H ilger 5 am p. 250 vo lt m ercu ry  a r c . A ll le n s e s ,  
p r is m s , and co v er  p la tes  w ere  of quartz.
A fter p a ssin g  through the Kipp and Zonen double p r ism  m ono­
ch rom ator the light g o es  through the exp erim en ta l c e l l  to an R. C. A, 
1F28 p hotom ultip lier  tube. It w as found that the g la s s  of the tube 
did not tra n sm it the sh o r ter  w ave lengths w hich w ere  used , so  a 
th in  coating  of z in c  sulphide w as put on the su rface  of the tube.
The f lu o r e sc e n c e  of th is  coating cau sed  by the u ltra  v io le t  light  
w a s of a w ave length  w hich w as tran sm itted  by the g la ss  thereby  
a llow in g  the photom ultip lier tube to produce a cu rrent proportional 
to  the in ten sity  of the rad iation  fa llin g  upon it.
The P .M . tube w as supplied  from  a low  cap acity , high vo ltage  
(1500 volt) pow er supply. The a . c . input to the supply w as reg u ­
la ted  by m ea n s of a Y ariac.
It w as n e c e s sa r y  to ca lib ra te  the d ia ls  on the m onochrom ator
for tr a n sm iss io n  of the variou s wave lengths in the m ercu ry  arc
o
sp ectru m  down to 2106 A . Then by reading th ese  d ia l se ttin g s  
fro m  a graph or chart the m onochrom ator could be rapid ly  adjusted  
to tra n sm it the d e s ire d  w ave length  of light to the c e il .
The cu rren t from  the photom ultip lier tube w as then sent to a 
L eed s and Northrup Co. D*A rsonval galvanom eter by m eans of 
lea d s  suspended  from  w ax. The d eflec tio n  of the galvanom eter w as
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o b se rv e d  by m ean s of a s c a le  p laced  one m eter  away.
D . M easuring T echn iq u es:
A ll m ea su rem en ts  w ere  p reced ed  by a check of the insu lation  
lea k a g e . T h is w as done by grounding the high vo ltage sid e  of the 
m ea su r in g  c e l l  and applying a p o sit iv e  and then a n egative potentia l 
to Sw^, e .  g . + 0 .0 4 7 2  v o lts  at the h igh est s e n s it iv ity . If the tim e  
of d isch a rg e  of the e le c tr o m e te r  n eed le  w as not l e s s  than 60 s e c .  
per s c a le  d iv is io n  at the m axim um  ex cu rsio n , the in su lation  w as  
co n sid ere d  su ffic ien tly  good. F or m ost of the data taken the rate  
of d isch a rg e  w as of the order of 180 s e c .  per sc a le  d iv isio n .
The equation for the rate of charging of the insu lated  sy stem
is
(1) dQ  ^ = C - XQ 
dt
w h ere  C is  the rate of charge for any one vo ltage and so lu tion  due 
to the ap p lication  of the high vo lta g e . The term , (~AQ)> g iv e s  the  
e x p r e ss io n  fo r  the leakage of ch arge a c r o s s  the insu lation  from  
the in su lated  sy s te m . The amount of leakage is  proportional to 
the amount of ch arge actu a lly  p resen t and the value for the p ro ­
p ortion ality  constant can be found from  ex p ressio n  (2 ).
(2) X = ln Qo '  ln Qt
t
w here Q0  and a re  the ch a rg es  on the need le at t = o and t r e ­
sp e c tiv e ly .
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The co rrec tio n  va lu e of (-X Q ) w as no  ^ v&ed in ca lcu la tin g  the  
cu rren t v a lu es  used  in th is in v estig a tio n  a s  it w as n eg lig ib le  co m ­
p ared  to C if the m ea su red  in su lation  leak  w as w ithin  the lim its  
sta ted  above (which w as the c a se  a fter  the a ir  conditioning unit 
w a s in sta lled  in  the room ). A lso , for a l l  but a few  m ea su rem en ts  
on la rg e  cu rren ts  (w here the leak age co rrec tio n  would have been  
n eg lig ib le )  the sec tio n  of the sc a le  o b serv ed  corresp on d ed  to sm a ll  
v a lu es  of Q m aking the value of AQ too sm a ll to introduce a p ra c ­
t ic a l  d ifferen ce  in  the read ing.
A fter the vo ltage  s e n s it iv ity  w as checked  for adjustm ent and the 
in su la tion  m ea su rem en ts  m ade, the co llec tio n  of data w as begun. In 
a ll  c a s e s ,  ex cep t w here the p olarization  e ffec t w as to be m in im ized , 
i f  a n egative  vo ltage  w as left on the c e ll  overnight the f ir s t  m e a s ­
u rem en ts  w ere  m ade using a p o sitiv e  vo ltage and v ice  v e r sa . M ost 
m ea su re m en ts  w ere  m ade beginning one quarter of a m inute after  
ap p lication  of the high vo ltage . The actual vo ltage changes w ere  
m ade w ith sw itch  Sw-j grounded. Then the sh ie ld ed  sy stem  w as in ­
su la ted  by opening Sw^ and the tim e for  the Lindem an n eed le to tra v e l  
a g iven  num ber of s c a le  d iv is io n s  w as tim ed  using a stop w atch. In 
a ll of the m ea su rem en ts  excep t th ose on the m ore concentrated  lead  
o le a te  so lu tion s and th ose on w hich radium  w as used, the n eed le  w as  
allow ed  to tra v e l betw een ten d iv is io n s , f iv e  on e ith er  s id e  of the 
p o sitio n  of the n eed le  when grounded. F or the m ea su rem en ts of 
la r g e  cu rren ts  tim e w as taken w hile the n eed le  p a ssed  over the 45
20
d iv is io n s  at e ith er  end o f the m ic ro sco p e  s c a le .
W herever it w as p o ss ib le  the tim e  of any one m easu rem en t w as  
not taken l e s s  than 15 or g rea ter  than 60 sec o n d s . In m o st c a s e s  it  
w as betw een  20 and 50. The n eed le  w as brought back for a su b se ­
quent read in g  by m o m en ta rily  grounding SW3 . In the c a s e s  w here  
sh o r t t im e s  w ere  n e c e s sa r y  the v a lu es p lotted  w ere  the a v era g es  
o f th ree  rea d in g s. A fter the in itia l rapid changes w ere  record ed , 
the in ter v a l betw een  s e t s  of th ree read in gs w as lengthened to fiv e  
or ten  m in u tes . W hile the in itia l chan ges w ere  occu rrin g  m e a su r e ­
m en ts  w ere  taken one follow ing another.
The data w hich w ere  record ed  w ere  the tim e  in m inutes a fter  
the v o lta g e  w as applied  and the tim e in secon d s for the JLindeman 
n eed le  to tr a v e l a given  d istan ce  a c r o s s  the s c a le . A cu rve w as
then p lotted  having the fo llow ing form :
TIME
The p o sitiv e  and n egative  v a lu es  of the cu rrent for a given  
t im e  and voltage w ere  n ever the sa m e . Thus there se e m s  to be a 
o n e -s id e d  d rift sup erim p osed  on the cu rrent which m akes it n e c e s ­
sa r y  a lw ays to  take m ea su rem en ts  of the current in both d irec tio n s . 
The va lu e of the drift can be found in the follow ing m anner:
21
L et i* be the m ea su red  cu rren t, i the true cu rren t through the
c e l l ,  1 the in su la tion  leak age cu rren t, and d the d rift. Then i '+ =
i + -  1 + d and i f_ = i_  -  1 -  d. A ssu m ing i + = i„ , then
i ' + + V _ = 2 (i -  1) = i  -  1 and i '+ -  i '  ^ = 2d = d rift. If there
2 2 2 2 
i s  a  constant d ifferen ce  betw een i ’+ and i' th is m ay be in terp reted
a s  a d r ift w hich is  i t s e lf  independent of the m agnitude of the high
v o lta g e .
A s m entioned  above, the m ea su rem en ts  w ere taken over 10 
d iv is io n s , 5 on e ith er  s id e  of the grounded p osition . In th is  way  
the leak age cu rren t added to the actual cu rren t for half the m e a s ­
u rem en t and subtracted  fro m  it for the other half. As th is  leakage  
w as quite sm a ll anyway its  to ta l e ffect would be n eg lig ib le  even  if  
the lea k a g es  w ere  not n eg lig ib le  in th e m se lv e s .
H ow ever, the d rift can be com puted a s  half the d ifferen ce  b e ­
tw een  the m agnitude of the p o sitiv e  and the negative cu rren ts  c o r ­
responding to any one tim e  and vo ltage .
III. INVESTIGATION OF HEXANE
B efo re  any further w ork could be undertaken the behavior of 
pure h exan e, to  be used  a s  a so lven t, had to be studied thoroughly.
A fter the d is t illa tio n  p r o c e ss  (d escrib ed  under P rep aration  of Solutions) 
w as com pleted , the liquid  w as p laced  in the exp erim en ta l c e l l  and a 
vo ltage  of ap p roxim ately  350 v o lts  applied to the term in a ls  for from  
17 to  19 h o u rs . T his p a ssa g e  of current e le c tr o ly tic a lly  cau sed  the 
re m o v a l of so m e  of the tr a c e s  of im p u r itie s .
If a p o s it iv e  vo ltage w as applied to the e lec tro d es  of the c e ll  
overn igh t, then a n egative  potentia l w as used to take the f ir s t  m e a su r e ­
m en ts  of the cu rren t a s  a function of tim e. T h ese m ea su rem en ts , for  
ea ch  d ifferen t vo ltage applied to the e le c tr o d e s , w ere  continued approx­
im a te ly  30 m in u tes b efore  changing the d irection  of the current through  
the c e l l .  The cu rren t is  in itia lly  high and drops off to  an ' equilibrium "  
value w hich chan ges m uch s lo w e r . F ig . 6  show s th is behavior for the 
le a s t  pure of the hexane sa m p les  used  and F ig . 7 for a m ore pure sa m ­
p le . The ca u se  of the in itia l rounded portion of the cu rv es  in F ig . 6  a s  
con trasted  to the e a r lie r  attainm ent of the equ ilibrium  va lu es in F ig . 7 
and 8  w ill  be d isc u sse d  in the sec tio n  on p olarization .
In the low er right hand corn er of F ig . 8  the v a lu es of the equi­
lib r iu m  cu rren t v s .  voltage have been plotted and a lin e drawn through
22
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the a v e r a g e s  of the p o s it iv e  and n egative  cu rren t va lu es for each  v o lt­
a ge  u sed . The lin e  turns out to  be stra igh t and m ay be co n sid ered  as  
the cu rren t-v o lta g e  ch a r a c te r is t ic  of the sa m p le . The stra igh t lin e  
show s an O hm 's law  rela tion sh ip  betw een  the cu rren t and the voltage;  
its  s lo p e  i s  an ind ication  of the purity  of the sa m p le . The c h a ra c ter ­
is t ic  of the v ery  p u rest hexane would show  an approach to  a saturation  
va lu e . F o r  th is  sam p le  at th is  tim e the value of the d rift is  not con­
stant for  a ll  v o lta g e s .
In the cu rren t v s .  tim e graphs used  throughout the rem ain der  
of the tex t, the cu rren t i s  that obtained for a 4 cm^ a rea  u n less  o th er­
w ise  sp e c if ic a lly  stated .
F ig , 9 show s a deviation  from  O hm 's law by m ean s of a d iffer ­
ent m ethod of graphing. The p o sitiv e  and n egative  v a lu es of the current 
fo r  each  vo ltage used a r e  averaged , (se e  the secon d , fourth  and six th  
co lu m n s of Table I), and record ed  op p osite  the t im e  the m easu rem en t  
w as taken a fter  the app lication  of the p oten tia l. The th ird , fifth , and 
sev en th  colum ns a re  obtained by m u ltip ly in g  the p reced in g  colum n by 
4 2 0 /4 2 0 , by 4 2 0 /3 7 0 , and by 4 2 0 /2 8 5  r e sp e c tiv e ly . In th is  w ay the 
value of the cu rren t obtained by using 370v. i s  in crea sed  to a value  
corresponding to 420v. e tc . If th ese  in crea sed  v a lu es  are  the sam e  
a s  that actu a lly  m ea su red  for 4 2 0 v . , then a lin ear  dependence of cu r ­
rent on vo ltage i s  ind icated .
The cu rv es  do not actu a lly  co in cid e for any of the graphs p lotted . 
The top graph corresp on d s to  F ig . 6 . It in d ica te s— as d oes the d iagram
r .
r— j.
M i l
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TABLE I
Data to Show D eviation  fro m  O hm 's Law
"P u re” Hexane F ig . 5
1 0 - 1 5 iO-15 1 0 t 1 5 1 0 - 1 5 1 0 - i s 1 0 - 1 5
T im e Am p. Amp. Amp. Amp. Amp. Amp.
0 0 - l / 2 m-. 8 , 8 8 , 8 7 .9 9 .0 5 .5 8 . 1
0 1 8 , 0 8 . 0 6 . 5 7 .4 4. 1 6 .0 5
0 2 6 . 8 6 . 8 5 .2 5 .9 3*4 5 .0
05 5 .4 5 .4 4 . 1 4 .7 2 .6 7 3 .9 5
1 0 4 .5 4 .5 3. 5 4 .0 2 .4 3 .5 4
15 4 .3 4 . 3 3 .3 3 .7 2 .3 3 .3 9
2 0 4 . 1 4. 1 3 .3 3 .7 2 .2 5 3. 31
25 4 . 1 4 . 1 3 .3 3 .7 2 .2 3 3 .2 8
50 4 . 1 4 . 1 3. 3 3 .7 2 . 2 1 3 .2 5
35 4* 0 4 .0 3. 3 3 .7 2. 14 3. 15
40 4 .0 4 .0 3 .3 3 .7 2 .0 8 3 .0 7
45 4 . 0 4 ,0 3 .3 3 .7
42 Ov. . 370v. 285v •
. 00065 M Diphenylam ine F ig . * 2
1 0 ’ 1 5  1 0 “ 1 5 10-15 10*15 10-15 10-15 10-15 10-15
T im e A m p, A m p. Amp. Am p. Amp, Am p. Amp. Amp.
0 0 - 1 / 2 2 7 .3  2 7 .3 1 1 . 6 2 2 . 2
0 1 2 6 .0  2 6 .0 1 0 . 0 19 .0 3 .8 6  16 .3 2. 3 1 9 .4
0 2 2 1 . 0  2 1 , 0 8 .6 5 1 6 .4 3 .6 8  15 .55 2. 15 IB. 2
05 1 6 .8  1 6 . 8 7. 54 14.3 3 .0 2  12 .75 1 .87 1 5 .8
1 0 1 4 .4  14 .4 6 . 8 12.9 2 .5 8  11 .3 1 . 6 6 1 4 ,0
15 12 .7  12.7 6 . 2 1 1 , 8 2 .3 0  9 .7 1 .55 13. I
2 0 11.7  11.7 5 .8 1 1 . 0 2 .2 1  9 .3 5 1 .44 1 2 . 2
25 1 1 . 2  1 1 , 2 5 .7 1 0 . 8 2 .1 5  9 .0 8 1 .38 11.7
30 10 .4  10 .4 5 .6 5 10 .74
35 1 0 .3  10 .3 5 .6 2 1 0 . 6 8
40 1 0 . 0  1 0 . 0
45 1 0 . 0  1 0 . 0
50 9 .9  9 .>9
55
380v. 2 0 0 v. 90v* 45v.
25
T able I (continued)
. 00065 M D iphenylam ine a fter 6  days
T im e
10-15
Amp.
1 0 * 1 5
Amp.
lO - l 5
Am p.
10-15
Amp.
10-15
Amp.
IQ' 1 5
Amp.
0 0 - 1 / 2 7 .9 15 .0
0 1 1 9 .5 19 .5 7 .0 13. 3 3 .0 2 1 2 . 8
0 2 17 .0 17 .0 6 .0 4 11 .5 2 .6 7 11 .3
OS 13. 1 13. 1 5 .0 9 .5 2 . 0 6 8 .7
1 0 10 .7 10.7 4 .5 8 .5 5 2 . 0 1 8 .5
15 9 .7 9 .7 4 .0 8 7 .7 5 1 .99 8 .4
2 0 9 .0 9 .0 3 .9 5 7 .5 1 .95 8 .2 4
25 8 . 35 8 .3 5 3 .8 8 7 .3 7 1.91 8 .0 5
30 7 .9 5 7 .9 5
35 7 .7 7 .7
40 7 .5 6 7 .5 6
45 7 .5 7 .5
50 7 .4 4 7 .4 4
55 7 .3 5 7 .3 5
380v. 2 Q0 v . 9Qv.
Eo
in the low er right hand corn er of F ig . 8 - -  that th ere is  a la rg er  ohm ic  
com ponent of the cu rren t su p erim p osed  on a sm a ller  satu rab le co m ­
ponent. The seco n d  and th ird  cu rv es  of F ig . 9 are  for a . G0Q65 M d i-  
phenylam ine so lu tion  taken 6  days apart.
A sum m ary of m ea su rem en ts  on hexane is  rep resen ted  in  Table  
II. The value of the sp e c if ic  r e s is ta n c e  of the liquid at any g iven  tim e  
(the b est in d icator of the purity  for v a lu es  of /° l e s s  than about 1 0  
ohm  c m .)  is  obtained from  the ch a ra c ter is t ic  cu rve in the follow ing  
m anner, s e e  Table II. S ince p ra c tica lly  a ll  so lu tion s show  a d e c r e a se  
in  conductance w ith tim e due to e le c tr o ly tic  purification , com parable  
v a lu e s  (for v a r io u s fie ld  stren gth s) have been com puted for 24 and for 
48 h ou rs a fter  application  of the f ir s t  p otentia l. The d ifferen ce  of the 
a v era g e  cu rren ts  for a given  vo ltage (colum n 6 ) for two succeed ing  
d ays is  d ivided  by the d ifferen ce  in t im e s  after the f ir s t  application  of 
v o lta g e  corresponding to th ese  cu rren ts  (colum n 8 ). T his ca lcu lation  
g iv e s  the change in  avera g e  current (for a given  voltage) per hour.
The change in current per unit tim e w as then used to reduce  
the exp erim en ta lly  determ ined  average current v a lu es (colum n 6 ) to  
th e va lu e w hich would be obtained if a ll m easu rem en ts could have been  
m ade after 24 and 48 hours (colum ns 9 and 10). The v a lu es  from  c o l­
um ns 9  and 1 0  w ere  then used  to ca lcu la te  the sp ec if ic  r e s is ta n c e s
assu m in g  O hm 's law  to be valid , i .  e . , by the use of equation (3).
2(3) o  __ V x  a  w here: a = 4 cm
I x C x d  C = 1 9 .6 /^ f
d = . 3 cm
TABLE II
Data Showing S p ecific  R esista n ce  of Hexane
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o > (2 ) ( 3) (4) (5) (6) (7) (B) (9) ( io j (H )  ( 1 2 )
n r 1* to - 1 5 1 0 - 1 5 10*15 ID- 1 5 1 0 i 8 10 lb
V olt O  p V olt Amp. Amp. Amp. Hr. M. Am p. Amp. ohm  cm ohm  cm
d 26 r 300 75 +285 +0.87 2.18 1.32 20, 2 2
-2 8 5 -3 .5 0
(6 ) + 370 
-370  
4*420 
-420
+ 1.84 
-4 .7 9  
+2.58  
-5 .5 2
3.32
4.05
1.47
1.47
24, 19 
24, 20
d 27 + 300 80 +285 + 0.65 2.63 1.99 19, 43 2.54 1.99 1.49 1.93
-285  
+ 370 
-370  
+420 
-420
-4 .61
+2.58
-5 .5 3
+2.77
-6 .6 3
4.05
4.70
1.47
1.93
19, 58 
19t 47
d 27 -230 72 +295 + 1.28 2 . 1 2 0.83 42, 10
-295 -2 .9 5
T able 11 (continued)
( 1 ) (2 ) (3) (4) (5) (6 ) (?) (8 ) (9) ( 1 0 ) (U ) M )
V olt Op Volt
1 0 “ 1 5
Am p.
lO’ iS
Amp.
10-15
Am p. Hr. M.
1 0 " 1 5
A m p.
1 0 - 1 5
Am p.
1 0 1 8  
ohm  cm
1 0 ? 8  
ohm  cm
d 27
( 1 0 )
-230 70 +275
-275
+2.03
-3 .31
2.67 0.64 6 6 , 39
^ 27
( 1 0 )
-275 75 +275
-275
+ 1.84 
- 2 * 1 2
1.97 0.13 113, 33
d 27 -2 7 0 75 +270
-2 7 0
+2*03
-2*03
2.03 0 . 0 0 143, 48
d 27 -270 75 +270
-270
+ 1.38 
- 1 . 2 0
1*28 0.92 161, 17
d 28 +290 8 $ + 2 0 0
- 2 0 0
+290
-290
+380
-380
+0.741 
-1 .8 4  
+ 1 . 6 6  
-3 .1 3  
+2 . 2 1  
-4*00
1.28
2.39
3.11
d. 55 
0.74  
0.91
23, 24 
17, 53  
21, 58 2 . 9 8 1.58 1.70 3.22
d 2 8 -380 80 +380
-3 8 0
+1.84  
- 2 . 2 1
2.03 .18 41, 19
d 29
( 1 1 )
+290 80 + 380 
-380
+ 1.84 
-5 .4 3
3.65 1.80 18, 05 3.35 2.15 1.49 2.34
d 29
( 1 1 )
-380 75 + 380 
-3 8 0
+3.37
-1 .5 3
2.45 .92 41, 53
29
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I is  the ra te  of charging m easu red  in v o lts  per second , and the product 
I x  C g iv e s  the cu rren t in a m p eres . The value of V is  that of the high  
v o lta g e .
F ig s .  6  through 11 w ere ch osen  from  am ong those lis ted  in  
T able II a s  ty p ica l of rep resen tin g  certa in  an om alies of conductance  
w hich w ere  d isc u sse d , in part, above and which w ill be re ferred  to 
aga in  in  the chapter on p o la r isa tio n . Som e ob servation s m ay be m ade  
h e r e . F ig . 10 show s the e ffect of e le c tr o ly tic  p u rification  by overn ight 
cu rren t p a ssa g e  through the c e l l .  (H ere again  O hm 's law i s  assu m ed  
to hold).
The e ffect of the overnight current in  changing the drift cu rren t  
is  show n c le a r ly  in F ig . 11. T here i s  a shift of the m idpoint betw een  
p o sitiv e  and n egative  v a lu es  for d ifferent d irection  of the overnight cu r ­
rent through the c e l l .  The graph for 1 1 /1 9 /4 9  had a p o sitiv e  290 v o lts  
overn ight and the one for 1 1 /2 1 /4 9  had a n egative voltage over the w eek ­
end. The m idpoint i s  sh ifted  to the n egative s id e  of the ze ro  a x is  when  
a p o sitiv e  potentia l is  used  and v ic e  v e r sa .
H exane, sam p le  £>5 7 , w as the purest sam p le that w as obtained. 
The a verage  cu rren t corresp on d in g  to 370 v o lts  after 24 hours w as 1 6 .0  
x  10“ 1 6  am p /4cm ^  or 4. 0 x  1 0 " ^  am p /cm ^ , The p r esen ce  of 1. 5 m il­
lig ra m  of lead  sh ie ld ed  radium  9  fee t  away gave a n oticeab le  in c r e a se  
in  the cu rren t v a lu es .
A pparently none of the hexane sa m p les  has b ecom e su ffic ien tly  
pure to exhibit the behavior of a d en se g a s . H ow ever, £>4 4 ^, s e e  F ig .
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8 * low er right hand co rn er , h as a satu rab le com ponent of about .4 6  x
1 C
10 am p. a fter  24 h ou rs, w hich corresp on d s to the production of 
2 ,4 0 0  ion  p a ir s /c m ^ /s e c .  Ja£fefs ^  value for a saturation  cu rrent in  
hexane is  216 ion p a ir s /c m ^ /s e c .
The hexane sa m p les  used h ere  w ere , n everth eless ., su ffic ien tly  
pure for the study of en forced  conductance and th eir  sp e c if ic  r e s is ta n c e  
v a lu e s  have been subtracted  from  those of the so lu tion s giving the net 
v a lu e s  corresp on d in g  to the so lu te  a lone.
IV. PHOTOCONDUCTIVITY MEASUREMENTS
C om p aratively  lit t le  w ork h as been reported  on photoconductiv­
ity  in  liq u id s . H ughes and D u B r id g e ^  g iv e  a com p reh en sive  report of . 
th is  w ork  in their book on P h o to e lec tr ic  P henom ena. They sta te: "It 
now ap p ears certa in  that a r e a l volum e conductivity  can be im parted  
to  a num ber of organ ic liq u ids by u ltr a -v io le t  radiation . " H ow ever, 
on ly  one in v estig a tio n , that by V olm er, ^  in d ica tes  the ex is te n c e  of a 
p h o to e lec tr ic  e ffec t from  d isso lv ed  m o le c u le s .
V olm er used  so lu tion s of anthracene and other organic su b stan ces
in p u rified  h exan e. He attributed  the p h otoe lectr ic  effect of saturated
an thracen e so lu tion s found p rev io u sly  by Byk and Bork, to a la y er  of
so lid  anthracene d ep osited  upon the c e l l  e le c tr o d e s . (Solid anthracene
exhibits photoconductance with wave lengths up to 4000 51). He arrived
at th is  co n clu sio n  by show ing that h is  own m easu rem en t of an in c r e a se
of 50 to 1 0 0  t im e s  the value of the dark current upon irrad ia tion  w as
o
due p r im a r ily  to w ave lengths lon ger than 2250 A. When he used  m ore  
d ilu te so lu tion s in h is  f ir s t  c e ll ,  w hich had a g la ss  window, the e ffect  
rap id ly  d isappeared .
V olm er then fitted  th is c e l l  w ith a quartz window. U sing an a rc  
1 0  cm  fro m  the quartz p late, the cu rren t in pure hexane upon irrad ia tion  
w as "about the sa m e m agnitude a s  the dark cu rrent. " H ow ever, "the
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s m a lle s t  am ount of anthracene w hich w as d isso lv ed  in hexane produced
a  con d u ctiv ity  change w hich  could e a s ily  be brought to 100 -  300 t im es
the dark  con d u ctiv ity . ” He attributed  th is  in c r e a se  in  conductivity  to
o
the a c tio n  of ligh t of w ave length le s s  than 2250 A. and con sid ered  it a 
tru e  vo lu m e e ffec t of the so lu tion .
The conductivity  w as show n to be d ir ec tly  proportional to the 
am ount of liquid  illu m in ated , and a s  the applied potentia l w as in crea sed  
th e cu rren t b ecam e a lm o st saturated  in the reg io n  betw een 300 and 700 
v o lt /c m . A m axim um  of conductiv ity  of 146 x  10“ am p /cm ^  occu rred  
in  the p a rticu la r  form  of the c e l l  used (for * 5 cm^ platinum  e lec tro d e  
a r e a  w ith  the a rc  p laced  at a d ista n ce  of 35 cm  from  c e ll)  when the con­
cen tra tio n  w as . 0001 M to . 00025 M. The dark current w as 2 x  10“ ^  
a m p /cm ^ . G reater concentrations cau sed  the light to be com p le te ly  ab­
so rb ed  c lo se r  to the f ir s t  quartz window, th ereb y  reducing the photo­
e le c tr ic  cu rren t betw een the c e l l  e le c tr o d e s .
He a lso  gave the in c r e a se  in diphenylam ine so lu tion s to be about 
2 - 1 / 2  t im e s  that of anthracene so lu tion s but did not g ive the m o la r ity  
of the so lu tion  or the w ave length of the e ffec tiv e  ligh t. It is  in ferred  
that th ese  a re  approxim ately  the sa m e a s  for anthracene so lu tio n s.
In order to dup licate the above m entioned e ffe c ts  in the p resen t  
in v estig a tio n , it w as f ir s t  shown that ligh t of 2167 % w as tran sm itted  
through the g la s s  c e l l  fitted  with quartz windows and f ille d  w ith hexane 
having a sp e c if ic  r e s is ta n c e  of 5. 8  x  1 0 ^  ohm  cm . The light w a s p ro ­
duced  by an open iron  arc  and p a ssed  through the m onochrom ator. T here
34
w as no d ifferen ce  in  the value o f the dark cu rren t and the cu rren t for  
Illum ination  w ith 2167 °A . (The cu rren ts  m easu red  w ere  of the ord er  
o f 6  » $  x  10 - 1 5  am p /cm ^  for  f ie ld  stren gth s of 250, 350, and 450 v o lt /c m .)
N ext a saturated  so lu tion  of anthracene w as m ade using th is  h e x ­
ane &s so lven t. A ll of the ligh t o f w ave length 2167 °A . w as absorbed in  
the so lu tion . F o r  the fie ld  stren gth s of 250 , 350, and 450 v o lt /c m  th ere  
w as no change in  the cu rren t upon irra d ia tio n , the value of the cu rren t  
bein g  16 .9  x  10-15 a m p /c m 2 . The in cr ea se  in dark cu rren t o v er  that of 
hexane a lon e w as attributed  to  the addition of .the anthracene.
It w as thought that a m ore dilute so lution  m ight tra n sm it som e of 
the lig h t. T h ere fo re , a .0001  M anthracene sam ple w as prepared  using  
r e d is t ille d  hexane ( p  = 2. 9 x 10*^ ohm  cm  for hexane). A f ie ld  strength  
of ^440 v o lt /c m  w as applied  to the c e l l ,  and cu rren t v s . tim e m e a su r e ­
m en ts w ere  taken. See F ig . 12. An average  equilibrium  cu rrent of 1 .2  
x 10-*® a m p /c m 2  w as obtained on 5 /2 6 /4 9  both with and without 2167 °A  
rad ia tion . The fo llow ing day a s im ila r  m easu rem en t w as m ade on a 
. 00005 M so lu tion . A value of 1 .1  x IQ"*® a m p /cm 2  w as obtained with  
and without the rad iation . The cu rv es  for the two days w ere each  begun  
ten  m inutes after' the d irectio n  of the cu rren t through the c e l l  w as changed, 
so  that th ese  cu rren ts  approached equilibrium  only for the la s t  two or  
th ree  p o in ts. The average v a lu es for the equilibrium  cu rren ts w ere the  
sa m e , w ith and without the rad iation , w ithin the lim its  of p r e c is io n  of 
the exp erim en t. On 5 /2 7 /4 9  the average  va lu es for the two cu rv es  w ere  
id en tica l through at the en tire tim e of m easu rem en t.
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A# it  had b een  im p o ss ib le  to  find the e ffec t d escr ib ed  by V olm er  
using the above m entioned  so lu tion s and apparatus, the c e l l  w as p laced  
1 0  cm  from  the Iron  arc so  that the radiation fe l l  d ir e c tly  upon the c e ll  
w indow s. T hen, s in ce  V o lm er lis te d  diphenylam ine so lu tion s a s  being  
m ore a c tiv e  p h o to e lec tr ica lly  than anthracene o n e s , a stock  of th is  ch em ­
ic a l w as p u rified  by rec ry s ta liza tio n . The liquid  u sed  w as a . 0037 M d i­
phenylam ine so lu tion  and the fie ld  stren gth s em ployed w ere 250 , 450 , 650 , 
and 850 v o lt /c m . The data w ere  taken 30 m inutes a fter  application  o f the  
vo ltage  in  o rd er  to  in su re  ''equilibrium 11 cu rren t con d ition s. M ea su re­
m en ts w ere  m ade f ir s t  of pure hexane with and without the radiation  and 
gave sp e c if ic  co n d u ctiv ities  of . 99 x 10“ * 7  and .3 1  x 10” mho c m ” * 
r e sp e c tiv e ly . A s im ila r  sm a ll in c re a se  in  the conductivity of hexane by 
in ten se  d irec t radiation  w as reported  by V olm er, but he co n sid ered  the 
change too sm a ll to  w arrant further in vestigation .
N ext, the sp ec ific  con d u ctiv ities of the .0037  M diphenylam ine 
so lu tion  w ere  found to be .9 0  x 10" * 7  mho c m ” * and .4 9  x IQ” * 7  mho c m ” * 
w ith and without the radiation r e sp e c tiv e ly . See F ig . 13. The net change 
in the sp e c ific  conductivity of hexane w as . 6 8  x 1 0 “ * 7  m ho c m ” * and the 
net change for diphenylam ine w as .41  x 10” * 7  mho cm "*.
T h ere fo re , with diphenylam ine so lu tions in a c e ll  adjacent to  the 
arc no net in c r e a se  w as found in  the sp e c ific  conductance of the so lution  
o v er  that fo r  pure hexane. (A ctually  from  th ese  data the in c r e a se  ap­
p ea red  to  be a l it t le  l e s s  than for pure hexane). The d ifferen ce  in  ligh t  
and dark cu rren ts  estim a ted  from  V o lm er 1 s paper for 500 v o lt /c m  fie ld
u m m
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stren gth  w as 6  x lQ*1^  am p /ctn ^ . & The value ca lcu la ted  from  F ig . 13 
for  the sa m e f ie ld  strength  w as only 1 .3  x 10"* 5  a m p /cm 2 , It appeared, 
th en , that V o lm er 's  cu rren ts  w ere  m ore than 1 0  t im e s  a s la rg e  as th ose  
rep orted  h ere , and h is  net in c r e a se  in  cu rrent (using m uch le s s  in ten ­
s ity  o f rad iation) w as 400 t im e s  that obtained h e r e . It s e e m s  d ifficu lt to  
reco n c ile  h is  o b serv a tio n s with the p resen t o n es.
Work on diphenylam ine so lu tion s w as then abandoned excep t for  
data o b serv ed  on p o lar iza tion  e ffec ts  exh ib ited  at v a rio u s con cen tra tion s. 
H ow ever, upon rec e ip t  of the H ilger m ercu ry  arc  lam p , the anthracene  
supply w as p u rified  by s e v e r a l r e c r y s ta liz a t io n s , and in v estig a tio n  w as 
begun on anthracene so lu tion s m ade from  th is  stock . The so lven t w as  
hexane D4 4 , w hich w as ca refu lly  sto red  in the fla sk  d escr ib ed  under the 
sec tio n  on apparatus. The v a lu es  of the dark cu rren ts  for  th is  hexane  
can be obtained from  Table II. V alues for  the anthracene so lu tion s are  
given  in  Table III.
A s V o lm er 1 s r e su lts  w ere not duplicated in the e a r lie r  w ork on 
anthracene d escr ib e d  ab ove, it  w as decided  to sea rch  fo r  a p h o to e lec tr ic  
e ffec t in  the range of the strong absorption  bands a s  w e ll as at wave  
len gth s below  2250 °A . Anthracene exhib its strong absorption  in a s e r ie s  
of broad bands4 0  at 3800, 3600, 3400, and 3260 °A . In ord er that lu m i­
n e sce n ce  can be ex cited  the wave length of the incident ligh t m ust be below
# Since V olm er did not give any va lu es for diphenylam ine so lu tion s  
oth er than say in g  that th e ir  e ffect w as 2 - 1 / 2  t im e s  a s  la rg e  a s  th ose  for  
an th racen e, the value in  the tex t w as estim ated  by m ultip lying h is  o b served  
in c r e a se  in anthracene ( i . e .  24 x 10~ * 4  a m p / c m 2 )  by 2 -1 /2  to obtain 6  x  
IQ" 1 3  a m p /cm 2 .
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Anthracene in H exane
T ab le  III (con tin  ued)
( 1 ) ( z ) (3) (4) (5) (6 ) (7) (8 ) (9) ( 1 0 ) ( i n ( 1 2 ) (13) (14) (15)
x 1 0 “ 1 4 M Volt V olt
10*15
Amp.
10*15
Am p.
jO-15
Amp. H r.M .
1 0 " 1 5
Am p.
1 0 " 1 5
Am p.
1018
ohm
em
1018
ohm
em
IQriS
m ho
cm "
1 0 “ 1 8
m ho
cm""*
D 4 7
? 4 X(14)
2 1
2 1
4380
4300
80
73
+ 300 
-300  
+ 300 
-300
+7.30
-8 .8 4
+5.28
-7 .0 0
8.07
6.14
.791
.865
5, 04 
19, 56
D 47
(15)
2 1 + 300 75 + 300 
-300
+4.60
-6 .1 8
5.39 .791 43, 55 6 . 0 1 5.26 .67 .76 .78 . 8 6
d 48
( 1 6 )
63 + 300 80 + 300+12.3  
-3 0 0 -1 1 .8
1 2 . 1 .295 19, 06 1 1 . 8 1 0 . 2 .34 .39 2.23 2.09
d 48 63 + 300 80 + 300 
-300
+4.69
- 1 0 . 2
7.45 2.76 90, 27
D49 79 + 3CC 85 + 300 
-300
+5.90
-1 2 .9
9.40 3.50 28, 2 0
d 4 9 79 + 300 85 + 300 
-300  
+ 380 
-380
+7.5 
-1 1 .5  
+9.85 
-1 3 .3
9.5
1 1 . 6
2 , 0 2
1.75
53, 28 
51, 27
9.41 9*35 .38 .39 1.91 2.14
d 4 9 79 + 300 85 + 145 
-145  
+ 300 
-300
+3.50
-6 .0 7
+5.71
- 1 2 . 8
4.78
9.32
1.29
3.55
75, 58 
74, 27
u>
00
Table III (continued)
(1) (Z) (3) (4) (5) ( 6 ) (7) ( 8 ) (9) (1,0) (1,1) (12) (13) (14) (IS)
1 0 1® 1 0 *® 1 0 " 1 0 " 1 8
jq -1 5  io"15 1 0 “ ^  1 0 " ^  ohm ohm  m ho m ho
* 1  - 1i cm
5 0  79 +300 73 +140 +7.55 7 .27  .276 20, 05 .282 .313 2 .84  2.75
D 5o 79
V olt ° F Volt Am p, Amp. Amp. H r.M . Amp. Amp.
 
-140 - 7 . 0 0
+ 300 +9.35 1 2 . 0 2.63 2 0 , 1 0 11.9 11.5
-300 -1 4 .6
+ 380 + 1 1 . 2 17.8 5.62 20, 07
-380 -2 2 .4
+300 75 + 140 +7.55 7.38 .184 43, 52
-140 -7 .1 8
+ 300 + 8.7 1 1 . 6 2.85 43, 52
-300 -1 4 .4
+ 380 + 9.02 14.9 5.90 43, 52 17.3 14.4
-380 - 2 0 , 8
ojo
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4100 A, and m o st of the w ork rep orted  in the litera tu re  on flu o rescen t  
an th racen e so lu tio n s h as been p erform ed  using the 3 6 6 0  R m ercu ry  lin e .
The f ir s t  m ea su rem en ts  (in the flu o rescen t reg ion  only) of con­
d u ctiv ity  v s .  t im e  w er e  m ade on a  . 0 0 2 1  M so lu tion  using 300 volt ( 1 0 0 0  
v o lt /c m )  and taking a ltern ate  m ea su rem en ts  of dark and light cu rren t. 
(The a r c  w as on at a ll t im e s , but the light to  the c e l l  w as regu lated  by 
a  shutter in the m on och rom ator). F ig . 14 show s th ese  data startin g  
w ith  a w ave length  of 3660 R  and p roceed ing to 3130 R  and then to 2655  
R . The cu rren ts  due to a p o s it iv e  vo ltage w ere  f ir s t  taken and then  
th r e e  h o u rs  a fter  the com p letion  of that s e r ie s  the data for the n egative  
v o lta g e  w e r e  taken . A ll the w ave lengths used  w ere  tran sm itted  through  
the c e l l .  T h ere  w as no ev id en ce  of ion ization  of the so lu tion  by the ligh t. 
The s m a ll  ir r e g u la r it ie s  in the m ea su rem en ts  w ere  cau sed  by the fact 
that on ly  one read ing w as obtained for ea ch  point p lotted . In subsequent 
m ea su r em e n ts  (show n in F ig s .  15 and 16) each  point rep resen ts  the a v e r ­
a ge  of th ree  rea d in g s.
F ig . 15 r e p r e se n ts  data taken on the . 0021 M solution  the fo llo w ­
ing day u sin g  w ave len gth s of 2655, 2535, and 2 2 2 6  R and a fie ld  stren gth  
of 1000 v o lt /c m . R adiation corresponding to the f ir s t  two wave lengths  
w a s stro n g ly  tran sm itted  by the c e l l .  The c e l l  f ille d  with pure hexane  
a ls o  stro n g ly  tra n sm itted  2 2 2 6  R . H ow ever, with the solution , light of 
th is  la tter  w ave length w as so  reduced  in in ten sity  that a d eflection  w as  
o b se rv ed  on the galvanom eter sc a le  only 1 m m . g rea ter  than that for  the 
dark cu rren t. T his d eflection  w as of such a sm a ll amount that it m ight
3J30A
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not have b een  due to actu a l p a ssa g e  of the light through the c e ll  but to 
oth er c a u s e s .  H ow ever, it seem ed  reason ab le  to a ssu m e that the light 
t r a v e r s e d  the g re a ter  part of the d ista n ce  through the c e l l  before being 
c o m p le te ly  ab sorb ed . T h ere fo re , if  th ere  w ere any in c r e a se  in the num­
b er  o f io n s it should  have been o b serv ed  a s  a change in the conduction  
c u r r e n t . The graph show s no such in c r e a se  for any of the wave lengths  
u se d .
F ig . 16 r e p r e se n ts  data taken in a m anner ex a ctly  s im ila r  to
that of F ig . 15. A .0 0 6 3  M solu tion  of anthracene w as used . Each of
th e  w ave len gth s (3660 & and 3342 &) of light w as stron g ly  tran sm itted ,
but no ion iza tion  upon irra d ia tio n  w as ev id en ced .
It appeared  obvious fro m  the above d escr ib ed  exp erim en ts that
no la r g e  in c r e a se  in the num ber of ion s in the so lution  w as to be obtained
o
a s  th e  r e s u lt  o f a p h o to e lec tr ic  e ffec t (not even  at 2226 A w here it m ight 
h ave b een  ex p ected  accord in g  to  V o lm erfs w ork), and th erefo re , in v e s t i­
gation  a lon g  th is  lin e  of endeavor w as dropped. F ig s .  14, 15, and 16 
w ill  be d isc u s se d  again , n e v e r th e le ss , in  the sec tio n  on so lu tion s w here  
th e ir  s p e c if ic  conductivity  w ill  be noted a s  a function of the concentration .
A ttention w as next turned to ion ization  by radium  radiation  a s  a 
m e a n s  of studying p o la r iza tio n .
V. INFLUENCE OF RADIUM ON HEXANE CONDUCTIVITY
The in flu en ce of radium  on the conductance of hexane w as stud­
ied  by Jaffe*, and h is  m ethods w ere  fo llow ed  in th is  in v estig a tio n . 
A s the p o la r iza tio n  e ffe c ts  b ecam e quite sm a ll in v ery  pure hexane, it 
w a s n e c e s s a r y  to  produce ion s by so m e ou tsid e so u rce  in ord er to 
stu d y th em .
A p re lim in a ry  check  of a v a ila b le  in te n s itie s  w as m ade. See  
F ig . 17. The in ten sity  of the rad iation  w as v a r ied  by changing the 
th ick n e ss  of the lead  s c r e e n s  used  betw een the radium  and the c e l l .
The v o lta g e  a c r o s s  the c e l l  w as applied  a fter  the radium  w as in p o s i­
tion , and an eq u ilib r iu m  cu rren t w as reach ed  w ithin fiv e  m in u tes (a l­
though th ere  w as so m e  ir r eg u la r ity  b efore eq u ilib rium  w as attained). 
A fter the vo lta g e  w as rem oved , the cu rrent f e l l  rapid ly  to a sm a ll n eg ­
a tiv e  v a lu e  w hich w as roughly proportional to the saturation  value.
T he sa m e  liquid and vo ltage w ere  u sed  for the th ree s e ts  of data.
The data p lotted  in  the graphs fo llow ing F ig . 17 w ere  a ll ob­
ta in ed  u sin g  an e lec tro d e  spacing of .3  cm . T h erefore, in stead  of 
g iv in g  the f ie ld  stren g th s, the actu al vo lta g es used w ill be record ed  
on  the graphs when n e c e s sa r y .
T here a r e  two w ays of ob serv in g  p o larization  e ffec ts  if a r e ­
m ovab le  so u r ce  of ion ization  is  u sed . In the f ir s t  procedure the radium
42
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i s  applied  a fter  the eq u ilib rium  cu rren t has been  esta b lish ed  through  
the c e l l ,  and the p o la r iza tio n  e ffe c ts  are  due to the in cr ea se d  num ber 
o f  io n s  produced  by the radium  ra y s . S im ilar  e ffe c ts  are  a lso  produced  
w hen the radium  i s  taken aw ay. In the second m ethod the radium  re - 
m a in s in  p la ce  throughout the en tire  s e r ie s  of m ea su rem en ts , and the 
vo ltage  a c r o s s  the c e l l  i s  applied  or rem oved . In th is  ca se  the p o la r -  
iza tio n  e ffe c ts  a re  due so le ly  to the change in vo ltage .
The data show n in  F ig . 18 w ere obtained by the f ir s t  m ethod.
It i s  s e e n  that th e cu rren t ro se  from  the va lu e fo r  pure hexane to som e  
h igh er va lu e and that th is  took from  one to th ree  m in u tes . The eq u ilib ­
rium  cu rren t w as m aintained  for  approxim ately  fiv e  m in u tes , and then  
the radium  w as rem o v ed . The tim e  taken for the cu rren t to fa ll to the  
f a l l a l  va lu e w as g r e a te r  than th ree  m in u tes . T hus, the rate of d e cr ea se  
0 € the cu rren t w as l e s s  than it s  rate of r is e .  Data w ere  taken for two 
d ifferen t v o lta g e s  w ith and without a lead  sh ie ld  w hich w as Z fttffl. th ick . 
A s It w as im p o ss ib le  to rep la ce  the radium  in  the sam e p osition  each  
t im e , the re la tiv e  in te n s it ie s  w ere only qualitative and the cu rv es  could  
not be u sed  to  d eterm in e the d egree of saturation  of the cu rren t. The 
la g  of the cu rren t behind the application  of the vo ltage w as shown by 
Jaffe' to  be g rea ter  for  carbon te tra ch lo r id e  than for  hexane.
The data shown in  F ig s . 19 and 20 w ere obtained by the second  
m ethod sta ted  above, i .  e . by allow ing the radium  to rem ain  in p lace  
throughout the exp erim en t. M easu rem en ts w ere begun when a voltage  
w as applied  to the c e l l  and w ere continued until se v e r a l m inutes a fter
c im irh
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th e  v o lta g e  w as rem oved . F ig .  19 rep resen ts  data gathered using a 
low  in ten sity  erf rad iation  b efore it w as d isco v ered  that an in terestin g  
cu rren t varia tion  o ccu rred  upon the in itia l application of vo ltage and 
a lso  a fter  the f ie ld  w as rem oved . For th is reason  th ese  f ir s t  tim e  
m ea su rem en ts  w ere  not continued for a su ffic ien tly  long tim e after  
the p oten tia l w as rem oved . The cu rves w ere num bered in the order  
in  w hich  the p oten tia l w as applied.
The data p lotted  in F ig . 20 w ere obtained in a m anner identica l 
to that fo r  F ig . 19 with the excep tion s that the ion ization  w as the g rea t­
e s t  that could be produced by a 1 . 5  m g. sou rce  and that the m ea su re ­
m en ts w ere  continued from  ten to twenty m inutes after the rem oval of 
the v o lta g e . F u rth er d iscu ss io n  of the m axim a and m inim a of the 
c u rv es  w ill  be r e se r v e d  for the chapter on P olarization .
The ch a r a c te r is t ic  of F ig . 20 is  given in the low er right hand 
co rn er  of the page. J a ffe ' has shown*®* that the ch a ra cter istic  for  
su ffic ie n tly  high va lu es of the voltage can be rep resen ted  by a straight 
lin e
i = a + c . e
w here a  re p r esen ts  the saturab le part of the current and c . e  the part 
w hich in c r e a se s  proportionally  with the fie ld  strength e . In h is  paper 
of 1908 Jaffe' attributed th is second portion of the current to the p r e s ­
en ce of ion s of s low er m ob ility  than th ose  which contribute to the sa tu r­
ation  cu rren t. JLater, in 1913, he developed h is theory of colum nar  
ion ization  and show ed that the in cr ea se  c . e w as due to the fact that
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with in c re a s in g  f ie ld  strength  m ore and m ore ion s w ere drawn from  the 
colum ns by the fie ld  (b efore they engaged in  recom bination) and thereby  
contributed to the cu rren t. The ratio  of c /a  g iv es  the value of r.
In the p resen t m ea su rem en ts  the va lu es of a and of c . e were 
found to  be 2 8 .6  x 10” *^ am p. and 1 6 .6  x 10"*^ amp. resp ectiv e ly . The 
value of e w as 1400 v o lt /c m . Hence the value of r obtained from  the 
above w as 4 . 14 x 10"^ c m /v o lt .  Ja ffe 's  value o f £  for hexane, having 
^  1 0 "*® mho cm "* and the sam e fie ld  strength , w as 1 0 “^ cm /v o lt . 
The d ifferen ce b etw een  the value of r obtained h ere and that of Jaffe' 
was due in  part to the fact that the hexane was not so pure (com plete  
saturation did not e x is t  for the fie ld  strengths used) and in part to the 
fact that a guard ring w as not used  around the e lectro m eter  electrode  
its e lf . A s the potential betw een  the p la tes  w as in crea sed  the "edge" 
effects  in c re a se d  a lso .
VI. MEASUREMENTS ON SOLUTIONS
The p o ss ib ility  of producing an a r tific ia l in crea se  in the number 
of ion s in  a so lu tion  in  hexane by m eans of photoconductivity was d is ­
cu ssed  in  the se c tio n  by that title* In the sectio n  headed Radium M eas­
u rem en ts, the in c r e a se d  num ber of ions in hexane produced by the action  
of the radium  ra y s w as d elin eated , and som e ob servation s on the p o lar­
ization  e ffe c ts  exhib ited  w ere given .
In the p resen t sec tio n  another m eans of in creasin g  the number 
Of charge c a r r ie r s  in the liquid  w ill be presented  - nam ely the use of 
d isso lv ed  ch e m ica ls  in known concentration* There w ere three sub­
sta n ces (a ll of high m olecu lar  w eight) which w ere in vestigated , and 
th ese  w ill be d isc u sse d  sep arate ly  in sub sections lis te d  as (a) Diphenyl- 
am ine S o lu tion s, (b) A nthracene Solutions, and (c) Lead O leate Solutions.
(a) D iphenyiam ine Solutions:
D iphenylam ine so lu tion s w ere investigated  from  the point of 
view  of p o la r iza tio n  changes as a function of the concentration and of
sp e c if ic  conductance.
Data for each  liquid prepared w ere tabulated in Table IV, as  
w as done for Hexane in  Table II with the d ifference that two colum ns 
w ere added to l i s t  the net sp ec ific  conductance of the solutions (after
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Diphenylamine in Hexane
T able IV (continued)
( 1 ) ( 2 ) (3) (4) (5) '('*) (7) (8 ) (9) ( 1 0 ) < n ) ( 1 2 ) (13) (14) (15)
1 0 ” ^ i o - 15 IO* 1 5 1 0 - «
]
O t 
: j J
i e l 8
ohm
10 ^
ohm
1 0 ” i 8
m ho
c m * ‘
1 0 - i i i
m ho
cm ~*x 1 0 ”^ M V olt V olt Amp. Amp. Am p. H r.M . Amp. Am p. cm cm
d 31 4.3 +380 75 + 90 + 1 . 1 0 1.38 .28 1 6 6 , 49 3.28
-  90 - 1 . 6 6 after
+ 2 0 0 + 2 . 2 1 3.28 1.17 165, 57 141:51
- 2 0 0 - 4.32
+ 380 4- 5.35 7.2 1.93 1 6 2 , 0 0 7.2
-380  -  9.22 a fter
138:08
° 3 2 1.7 +290 75 + 90 + .55 1.25 .70 23, 19
-  90 - 1.93
+ 2 0 0 + 1.47 2 . 8 1.31 2 2 , 24
- 2 0 0 - 4.15
+ 380 + 5.1 9.5 4.35 18, 04
-380 - 13.8
D 3 3 6.5 -290  80 + 45 + 1 . 2 0 1.25 . 04 2 1 , 40
(2 2 ) -  45 - 1.29
+ 85 T 2 . 2 2 1.98 .24 24, 1 1 1.99 2.12 .478 .548 1.37 1 . 3 7
-  85 - 1.75
+ 2 0 0 + 5.43 5.62 .18 2 2 , 51 5.59 4.92
- 2 0 0 - 5.80
+ 380 +10.4 10.7 .33 17, 33 1 0 .5 9.32
-380 - 1 1 . 0
Table IV (continued)
( l) ........ « ’ T S T " (4) (5) ( 6 ) (7) ( 8 ) ( 1 0 ) (12) (13) (14) (15)
*  1 0 *4 M V olt ojp Volt
10-15
Am p.
IO' 1 5
Am p.
IO' 1 5
Amp. Hr.M .
IO’ 1 5
Am p.
1 0 - 1 5
Am p.
1 0 1 8
ohm
cm
JO 18
ohm
cm
IO" 1 8
m ho,
- 1cm
10-18  
m ho  
cm ” *
D 3 3 6 .5  +380 72 + 90 
-  90
+ 2 0 0
- 2 0 0
+ 380 
-380
+ 1.47
- 2.76  
+ 3.31
- 6.61 
+ 6.45  
-1 2 .1 8
2 . 1 2
4.97
9.3
.65
1 . 6 6
2.85
47, 57 
46, 21 
42, 30
d 33 6.5  -380 85 + 380 
-380
+ 9.21 
-  7.83
8.52 .70 6 6 , 05
d 33 6.5 -380 72 + 90 -  90 
+ 2 0 0  
- 2 0 0  
+ 38G 
-380
+ 1 . 9 0
-  1.84 
+ 3.87
- 3.50 
+ 7.83
- 8 . 0 1
1 . 8 8
3.69
7.92
. 0 2
.18
.09
119, 0 1  
117, 41 
113, 53
8.20 7.92  
(24 hr. (48 hr. 
after a fter  
6 8 , 05)66 ,05)
.617 .649 .90 1.11
D 3 4 3.3 -290 75 + 95 
-  95 
+ 2 0 0  
- 2 0 0  
f 380 
-380
+ 3.50
-  2.94  
r 6.46
- 6.09  
+ 15.30 
-14 .90
3.22
6.28
15.1
.28
.18
.18
23, 10 
.21, 49 
17, 47
D 3 4 3.3 +380 80 + 380 
-380
+ 7.64  
- 1 6 . 6 0
1 2 . 1 4.47 42, 11
\0
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the va lu e  of the sp ec ific  conductance of the hexane used as solvent was 
sub tracted  from  the exp erim en ta lly  m easu red  value of the solution).
In d eterm in ing  the ch a r a c te r is t ic  of the diphenylamine sam ples  
from  th e ir  cu rren t v s . tim e  c u r v e s , it  w as found that a ll of the sam ples  
obeyed 0hm *s law . A s an exam p le , th is  behavior is  shown for sam ple 
D3 i in  F ig . ZZ.
A ll o f the data for th ese  so lu tions showed m arked polarization  
upon the ap p lica tion  of the high vo ltage. The tim e required for the cu r­
rents to  approach equilibrium  valu es varied  from  5 to 40 m inutes d e­
pending upon the concentrations and fie ld  strengths used. See F ig s . 21 
and Z%»
D iphenylam ine proved to be a particu larly  advantageous com ­
pound for study as the d egree of polarization  exhibited (roughly estim ated  
as th #  tim e requ ired  for the current to approach equilibrium ) and lik e ­
w ise the cu rren t for any given voltage varied  approxim ately linearly  
with the con cen tration . F ig s . 21 and 22 are typical exam ples of the 
data obtained and rep resen t concentrations of .00033 M and .00065 M 
resp ectiv e ly . T h ese  cu rv es  w ill be re ferred  to again in the section  on 
P olarization .
F rom  the graph given  in the low er right hand corner of F ig . 22 
and frdm  the data corresponding to that figure given in Column (6 ) a able 
IV, it i s  se en  that the p o sitiv e  and n egative va lu es for any one voltage  
are v ery  n early  the sam e. T his in d ica tes that the drift is  sm all in th is  
in stan ce  even  for  th ese  com p aratively  "large" equilibrium  cu rren ts.
i •: 11; .-.iz 
r;-ri
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(b) A nthracene Solutions:
C onductivity m ea su rem en ts  of the "dark current" for anthracene  
so lu tio n s w ere f ir s t  taken on known concentrations to d eterm ine the 
sp e c if ic  r e s is ta n c e  and g en era l b eh av ior. T h ese data are  given  in  
Table III (in the sec tio n  en titled  Photoconductivity) in a m anner exactly  
s im ila r  to  the in form ation  on diphenylam ine.
It w as d es ira b le  to change the usual ord er of application  of the 
voltage (w hich m a x im ized  the p olarization  e ffe c ts )  in ord er to have data 
for com p arison  in  which th is  phenom enon w as as sm a ll as p o ss ib le .  
T h ere fo re , for som e of the anthracene sa m p les  the usual ord er of v o lt­
age ap p lication s (+370, -3 7 0 , +280, -2 8 0 , e t c .)  w as not fo llow ed . See 
F ig . 23. H ere the n egative v o lta g es  w ere applied f ir s t  a s  -3 8 0 , -195, 
and -1 0 0 , then the p o sitiv e  on es a s  +100, +195, and +380.
The cu rv es  for  -380 and +100 v o lts  do exhibit p o la r iza tio n , s in ce  
they w ere  taken a fter  the d irection  of the voltage w as changed. The 
-380 v o lts  w ere applied a fter  rem oving a potential of +380 v o lts  which  
w as u sed  over n ight, and the + 1 0 0  v o lts  d irec tly  follow ed a - 1 0 0  v o lts . 
H ow ever, for  the other 4 cu rves the d irection  of the current through the 
c e l l  w as the sam e as for the curve taken just p rev iou s, and the p o la r iz ­
ation e ffe c ts  are at a m inim um .
A nthracene so lu tion s obeyed Ohm’s law , as did those of diphenyl­
am in e, and when the application  of vo ltages was made in the usual m an­
n er the cu rren t v s .  tim e cu rv es  for the two types of solutions w ere found
to  be en tir e ly  s im ila r .
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Sufficient data w ere co llec ted  on. anthracene so lu tion s to p erm it  
a study of the relationsh ip  betw een  con cen tration  and sp e c ific  conduct­
ance. V alues taken from  Table III and graphed in F ig . 24 show a lin ear  
dependence w ithin the l im its  o f exp erim en ta l e r ro r . The a b sc is sa  in d i­
ca tes  the m o la r ity  and the ordinate the net sp ec ific  conductivity.
The am ount of overn ight p u rification  of liquids can be seen  from  
the v a lu es g iven  in  co lu m n s 12 and 13 of Table III. This change in  sp e ­
c if ic  r e s is ta n c e  w as not due to rem oval of the anthracene by e le c tr o ly s is  
as can be seen  fro m  the follow ing calcu lation: using F ig . 23 at 380 v o lts , 
the average cu rren t i s  found to be 4 . 81 x 1 0 " ^  amp. Over a 24 hour 
period  th is  co rresp o n d s to a p a ssa g e  of 4 . 13 x 1 0 " ^  coulom b, and, 
th er e fo r e , it  w as p o ss ib le  to rem ove 7 .6 3  x 10” ^ g m  of anthracene by
e le c tr o ly s is .  A d e c r e a se  of 7 .6 3  x !0 " ^ g m /3 0 c m ^  is  equivalent to a
1 1d e c re a se  in m o la r ity  of the anthracene concentration of 1 .42  x 10"1 AM.
It is  evident from  the above that the d ecrea se  in sp ecific  res ista n ce  
overn ight m ust be due to the rem oval of a large percentage of im purity  
io n s . A fter cu rren t w as p a ssed  through the sam e solution for sev era l 
days the im purity  ions w ere la rg e ly  rem oved and the change in sp ec ific  
r e s is ta n c e  b ecam e sm a ller  with each subsequent day.
F ig s . 13, 14, and 15 - d iscu ssed  under the section  on Photo­
conductiv ity  - should be m entioned h ere as they show the slow  approach  
to an ’’equilibrium *' cu rrent a fter a given potential w as applied for as  
m uch as s e v e r a l h ou rs. The in itia l values of the current w ere not r e ­
cord ed  as the data w ere intended p rim arily  for use in d iscu ssin g  the
1£R, jaL^ JjQUflS,
7 0  X?0 Tf1
fctEXANE
ft i4£>: HOURS :
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p h o to e lec tr ic  phenom ena.
(c) L ead  O lea te  Solutions:
W hile a nthra cen e  and diphenylam ine so lu tion s w ere excellen t  
lo r  producing p o la r iza tio n  e ffe c ts  which la sted  a com p aratively  long 
t im e  upon ap p lication  of the high voltage, they follow ed O hm 's law, 
and it w a s not p o ss ib le  to d eterm in e the total number of ions involved. 
J a ffe 1 found that lead  o lea te  so lu tion s in hexane produced a satu ra­
tion  cu rren t for fie ld  stren gth s above about 700 v o lt/c m , and from  the 
value of th is  cu rren t the number of ions per cm^ w as calculated.
H ow ever, J a ffe 5 -  a s  a ll  prev iou s in vestiga tors of d ie lec tr ic  
so lu tio n s  attem pted  to do -  reduced the p olarization  e ffec ts  to  a point 
w h ere they  did not a ffect h is  ca lc  illations. That lead o leate does e x ­
h ib it p o la r iza tio n  e ffe c ts  can be see n  from  F ig s . 26, 27, 28, and 29.
J a ffe 1 a ls o  found that there w ere evidenced two ca u ses  for the  
change in conductance of the liquid. The f ir s t  application of voltage  
ca u sed  a rapid d e c r e a se  in ' equilibrium " current during the f ir s t  hour 
due to rem o v a l of the im purity  io n s. T hereafter the d ecrea se  w as  
s lo w e r , and he attributed  it  to a ch em ica l change in the so lu te s in ce  
h is  so lu tio n s show ed the sam e slow  change in conductivity even when 
th ey  had not b een  su b jected  to an e le c tr ic  fie ld . This la tter  change 
fo llo w ed  to a good approxim ation  the tim e dependence given  by equa­
tio n  (3). (The in itia l m ore rapid d e c r e a se  w as not given  by i t . )
(3) JL_ " _L_ = bt
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w h ere .i w as the value of the cu rren t at tim e t ,  and i w as the current 
at t im e  t = 0 . The con stan t, b , did not n e c e s sa r ily  have the sam e value  
fo r  v e r y  d ifferen t con cen tra tion s.
F ig . 25 g iv e s  the average o f the p o sitiv e  and negative currents  
on se v e r a l d ifferen t sa m p les  at a fie ld  strength  of 1230 v o lt /c m  as a 
function of the t im e  in h o u rs. It is  seen  that a behavior s im ila r  to that 
d escr ib ed  by Jaffe* w as found; h ow ever, the relation  (3 ) w as sa tisfied  
only in  the c a s e  o f the .7 7  x 10"^ M solution .
A s to  the absolu te v a lu es , the only datum given  by him  which 
fa lls  w ithin  the range of th is  in vestigation  a g rees  quite w ell with the 
data p lotted  in  F ig . 25.
In Fig* 26 the cu rren ts  for a fie ld  strength of 1230 v o lt /c m ,  
taken on the sa m e liquid  for th ree succeed ing  d ays, are given . Curve 
A i s  included  to show the cu rren t change at an average tim e of 2 hours 
and 46 m in u tes a fter  the v ery  f ir s t  application of a potential (+370 vo lts)  
to  the liqu id . * The in itia l v ery  rapid d ecrea se  shown in curve A was  
due p a rtia lly  to  p o larization  and p artia lly  to e le c tr o ly s is .  For cu rves  
B and C the e le c tr o ly tic  action  w as n eg lig ib le  as the cu rren ts had 
reach ed  saturation  va lu es (se e  F ig . 27 which contains the sam e data 
a s  cu rve C). The rounded portions of the cu rves are due to p o la r iza ­
tion .
# F or the cu rv es  d isc u sse d  under diphenylam ine and anthracene 
so lu tio n s the m ea su rem en ts  w ere m ade 17 to 19 hours after the f ir s t  
application  of v o lta g e .
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The c h a r a c te r is t ic  in the low er right hand corn er of F ig . 27 no 
lon ger obeys O hm ’s law, but in d ica tes an approach to a saturation cu r­
ren t. The data w ere  obtained for m easu rem en ts begun 30 m inutes a fter  
the f ir s t  ap p lica tion  of voltage and w ere  taken for three d ifferent poten­
t ia ls .  The ord er of m ea su rem en t w as -370 , +370, -280 , +280, -370, 
and +370. In 4 - 1 /2  hours the value of the current for 370 vo lts  was 
p ra c tica lly  unchanged, indicating that e lec tro ly tic  purification  w as e s ­
se n tia lly  co m p le te . The fact that the cu rves for +280 and + 370 volts  
a lm o st co in c id e  in d icates that th ese  are n early  saturated cu rren ts.
The data p lotted  in F ig . 28 w ere  obtained on a sam ple which  
had rem ain ed  in the sto ra g e  f la sk  48 hours b efore it w as placed in the 
c e l l .  The shape of the graph m ore n early  re sem b les  that of curve C, 
F ig . 26, than cu rve A of that f ig u re . T his would seem  to indicate that 
the nature of the lead  o lea te  so lu tion  changed with tim e even when there  
w as no h igh  vo ltage used, w hich is  in agreem ent w ith the observation  of 
Jaffe* rep orted  above.
H ow ever, F ig . 28 and its  ch a ra c ter istic  show that e lec tro ly tic  
p u rification  w as in p r o g r e ss  as a saturation  current is  approached but 
is  not reach ed . D ata w ere taken startin g  30 m inutes a fter  the f ir s t  
application  of p oten tia l. The ord er of application  of the voltage w as  
-2 7 5 , +275, -37 5, +375, -140 , and +140. The values of the currents  
for th is sa m p le  w ere  m uch sm a lle r  than for the in itia l currents of 
F ig . 26, although the m o la r ity  w as about tw ice as g rea t. This fact  
again  in d ica tes a change in the nature of the so lu te .
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T able V contains the data on lead  o lea te  solutions co llec ted  in a 
form  s im ila r  to the ta b les  on an thracen e and diphenylam ine. There is  
a d iffer en c e , h ow ever, in that th ere w ere  no ca lcu la tion s p o ssib le  for 
sp e c if ic  conductance and sp e c if ic  r e s is ta n c e  as lead  o lea te  did not obey  
O hm ’s  law , but rather exh ib ited  a saturation  current.
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T able V (continued)
( 1 ) (2 ) .....___ (3) - (5) _ (6 ) .... 17) (8 ) (9)
10-14 10-14 10-14 1 0 “ 14
IO" 6  M OQ V olts Amp. Amp. Am p. H r.M . Amp.
d 54
(26)
.46 24.4 + 370 
-3 7 0
+ 4 .60  
-  3.65
4.12 .479 22, 14 4.04
d 54 .46 +370
-370
+ 3.13  
-  2 . 1 2
2.63 1 . 0 1 43, 03 2.54
D 5 9 7.85 29.5 1 370 
-370
+ 140 
-147
143.5 3.68 6 , 35 143
d 5 9 7.85 27.8 + 370 
-370
+ 71.5  
-  74.7
73.1 1 . 6 19, 53 73.0
D 5 9 7.85 28.5 + 370 
-370
+ 73.0  
-  6 8 . 8
71.1 2.3 43, 45 70.9
VII. POLARIZATION
The o b serv a tio n s  on p o lariza tion  w ill be d iscu ssed  from  the 
point of v iew  of J a ffe 's  ' T heory of Conductance of P o la r iza b le  
M edia . Although th is  th eory  w as developed m ain ly  to explain  
the v e r y  stron g  e ffe c ts  of p o larization  w hich are  ob served  in c r y s ta ls ,  
the author p oin ts out that it rem a in s app licab le in p rin cip le  to liqu ids, 
and he indi c a te s  w hich  m od ifica tion s have to be introduced in order  
to  accou n t for the d ifferen ces  in the behavior betw een c r y s ta ls  and 
liq u id  d ie le c t r ic s .
The m ain  assu m p tion  w hich Jaffe' m akes in order to account 
for  th e p o la r iza tio n  e ffe c ts  ap p ears a s  a  new form  of boundary condi­
tio n . H e a s su m e s  that at le a s t  so m e of the ions which ca rry  the cu r­
ren t can  not g iv e  up th e ir  ch a rg es  at the e le c tr o d e s , and thereby g ive  
r i s e  to  sp a c e  ch a r g e s  and p o lariza tion .
In c r y s ta ls  the fin a l or eq u ilib rium  cu rren ts a re  ex trem e ly  
fe e b le .  T h ere fo re , it i s  a good approxim ation to a ssu m e that none 
of the io n s  g iv e  up th e ir  ch a rg es  at the e le c tr o d e s . If th is  is  assu m ed , 
then the fin a l cu rren t should be z e r o , and the tim e in tegra l of the back  
cu rren t a fter the v o lta g e  has been cut off should be equal to that of the 
ch argin g  cu rren t.
T his la tter  condition w as not found to be true for liquids a s  can
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b e s e e n  fro m  F ig s .  6 * 11, 21, 22, e tc . The back current is  in itia lly  
f s i r ly  h igh hut d rops off so  rsp id ly  that the tim e in tegra l of the current 
(the to ta l ch a rg e  g iven  back) i s  m uch l e s s  than that of the charging cu r­
r en t. T o obtain the am ount of the charging cu rren t, only that area  
under the cu rve w hich i s  above the value of the equilibrium  should foe 
ta k en .
U sing J a ffa 's  m odified  boundary condition, it m ight be assu m ed  
that a c e r ta in  fra c tio n  cC of the io n s p re sen t at an e lec tro d e  w ill be 
a b le  to  g iv e  up th e ir  ch a r g es . T h is th eory  h a s  not been  co m p le te ly  
d ev e lo p ed  a s  y et, but it  is  ev ident that the follow ing co n clu sio n s can  
be draw n: ( 1 ) th ere  w ill be a perm anent or eq u ilib rium  cu rren t r e ­
g a r d le s s  o f how long the fie ld  i s  applied , (2 ) the sp ace  ch arge which  
b u ild s up at the e le c tr o d e s  w ill be l e s s  than for so lid s  under s im ila r  
co n d itio n s , and, th er e fo re , the p o lar iza tion  e ffe c ts  w ill be l e s s ,  and
(3 ) the t im e  in teg ra l of the back cu rren t w ill be l e s s  than that for the 
ch a rg in g  cu rren t by an am ount which depends upon the value of oC .
U sing th is  m odified  th eory  of J a ffe1, the ob servation s reported  
ab ove can  be exp la ined  at le a s t  q u a lita tive ly . T h ese ob servation s can  
be d iv id ed  into four groups of phenom ena: (a£ th ose exhibited in so lu ­
t io n s  im m ed ia te ly  a fter  the application  of a potential to the c e l l ,  (b) 
th o se  occu rrin g  in so lu tion s upon the rem oval of the high voltage, (c) 
th o se  produced in an ’ equilibrium " sy s te m  by the approach or r e c e s ­
s io n  of a  quantity of radium , and (d) th ose  obtained using a constant 
in ten s ity  of radium  radiation  and applying and rem oving the f ie ld .
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T h ese  groups w ill be d isc u sse d  in the order ju st nam ed.
A ll of the graphs g iven  in the text can be cited  a s exam p les of 
group ja) excep t 12, 13, 14, 15, 16, 18, 19, 20, 24, 25, and 29. In 
group (a) the p o la r iza tio n  is  due s o le ly  to the action  of ions of foreign  
m a te r ia ls  in the so lv en t. F ig . 22 is  an ex ce llen t exam ple of the in ­
c r e a s e  in p o la r iza tio n  w ith  in cr ea se  in  applied  vo lta g e . The m ore  
io n s  th ere  a r e  w hich approach the e le c tro d e s  per unit tim e the g rea ter  
the p o la r iza tio n  e f fe c ts  b ecom e for any g iven  tim e . In other w ord s, 
the h igh er  the con cen tration  of ion s in the sp ace adjacent to the e le c ­
tr o d e s , the longer the tim e  req u ired  fo r  dynam ic eq u ilib rium  of 
ch a rg e  d en sity  to be es ta b lish ed .
An a n a ly s is  of the d ecay  cu rv es  has been ca rr ied  through in 
F ig . 30, in  w hich log  l / l ^  has been  graphed a s  a function of tim e. 
H ere I i s  the cu rren t in e x c e s s  of the eq u ilib rium  value, 1^  . The 
v a lu es  p lotted  w ere  obtained in the fo llow ing way: F ig . 22 and a s im ­
ila r  s e t  of cu rv es  obtained for the sam e so lu tion  four d ays la ter  w ere  
u se d . The : sm o o th ed -o u t1 cu rv es  (drawn betw een the actual points) 
for p lu s and m in u s 380 vo lts  w ere  averaged  on F ig . 22. Then th ese  
a v era g e  v a lu es w ere  divided by a value of found by extrapolation . 
The extrap olated  value w as about 10% le s s  than the value of the la st  
o b se rv e d  point. T h ese  quotien ts, p lotted a s  a function of tim e, form  
th e reduced  cu rv e . The reduced curve for F ig . 22 at 380 vo lts  and 
the corresp on d in g  one for the data taken four days la ter  w ere then 
a v era g ed  and the logarith m  of th is  a verage  is  graphed against the tim e.
at,-.;
; o4f> ,, oi x : U
j-
t
i
l
*
4m
—
r 55I4
: <a
■
62
T he sa m e  p roced u re w as fo llow ed  in obtaining the data for 200 vo lts and 
85 v o lts  *
The in itia l d e c r e a se  in the current can not be rep resen ted  by a 
s in g le  exp on en tia l term  but req u ires  the superposition  of se v e r a l such  
fu n c tio n s. H ow ever, a sy m to tica lly  the cu rv es  approach straight lin e s , 
i .  e . , the u ltim a te  d eca y  b eco m es s im p ly  exponential. T his m ight be 
ex p e c te d  fro m  the th eory  w h ere the m ath em atica l solution  for the 
ch a rg in g  cu rren t i s  g iven  by an infin ite s e r ie s  of exp on en tia ls. *
The p o la r iza tio n  e ffe c ts  a r e  e s se n t ia lly  the sam e whether ions  
of known con cen tration  a re  d e lib era te ly  introduced into the hexan e or 
w h eth er th ey  a re  only the contam ination  ions p resen t in even  the purest 
h ex a n e . It can  be seen  from  F ig s .  6 , 7, and 8  (exam ples of the la tter  
condition) that th e p o la r iza tio n  d e c r e a se s  a s  the sp e c if ic  r e s is ta n ce  of 
the liq u id s  in c r e a s e s  (indicating sm a lle r  concentrations of im purity  
io n s ) . F o r  the p u rest hexane cited  above (F ig . 8 ) the current v s . tim e  
cu rv e  r e a c h e s  eq u ilib rium  w ithin  the f ir s t  fiv e  m inutes of 300 v o lts  
ap p lied  p o ten tia l.
A co m p a riso n  of F ig s .  21 and 22 (for « 00033 M and .00065  M 
r e sp e c tiv e ly )  sh ow s that the p o lar iza tion  e ffec t at any g iven  fie ld  
stren g th  is  d im in ish ed  in d iphenylam ine so lu tion s for low er con cen ­
tr a tio n s . A s im ila r  behavior is  shown by anthacene and lead  o leate
♦
See r e fe r e n c e  31, equation 111. The form  of the so lu tion  r e ­
m a in s unchanged by the boundary cond itions, and only the co e ffic ien ts  
m ay be d ifferen t for d ifferen t v a lu es  of the vo ltage .
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s o lu t io n s .
When the p o larization  charge is  a lread y built up next to the e le c ­
tro d es  a change in potentia l of amount, Jtmt not d irection , d oes not 
g r e a tly  a ffec t the d istrib u tion  of the charge, and th erefo re  litt le  p o la r­
iza tio n  is  exh ib ited  upon application  of the new potentia l. An ex ce llen t  
ex a m p le  of th is  o ccu rren ce  is  g iven  in F ig . 23 using an anthracene so lu ­
tio n . T he cu rv es  taken for -3 8 0  v o lts  and that for +100 vo lts  w ere  ob­
ta in ed  a fter  a r e v e r s a l of the d irectio n  of cu rrent through the c e l l .  
T h ere fo re , the p o lar iza tion  charge w hich had built up at one e lec tro d e  
w as d isp e r se d  and form ed  on the opposite e le c tro d e . The curve of cu r­
rent v s .  t im e  for th e se  two v o lta g e s  ex a ctly  s im u la tes  the on es given  
p r e v io u s ly  for  the diphenylam ine so lu tio n s. H ow ever, for the four other  
v o lta g e s  u sed  in  F ig . 23 the fie ld  a c r o s s  the c e l l  w as not re v er sed  in  
d irec tio n , and con seq uently , th ere  w as only a sm a ll a ltera tion  in the 
p o la r iza tio n  la y e r s  next to  the e le c tr o d e s . E quilibrium  conditions  
w ere  reach ed  in a ll  th ese  c a s e s  w ithin a half a m inute. It is  a lso  r e ­
ported  by J a f f e '^  that in the p u rest hexane the p olariza tion  e ffec ts  
d isa p p ea red  a lm o st co m p le te ly .
F or lead  o lea te  so lu tion s the sam e kind of p o larization  cu rves  
a r e  o b serv ed  r e g a r d le s s  of the tim e the m easu rem en ts w ere taken, the 
vo ltage  u sed , or the concentration  of the so lution . It is  evident from  
F ig . 27 (without the n e c e s s ity  of m aking a graph such as F ig . 30 for 
diphenylam ine) that the am ount of po larization , at a given tim e, does 
not depend upon the vo ltage . T h is i s  read ily  understood becau se the
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so lu tio n s  g iv e  a satu ration  cu rren t. T h erefore, the ions which cau se  
th e p o la r iza tio n  cannot be th ose  which ca rry  the conduction current 
(s in c e  th e se  la tter  d isch a rg e  co m p le te ly  at the e lec tro d es). So we 
have to conclude that th ere  are  at le a st  two d ifferent kinds of ions in 
the so lu tio n  w hich ca rry  the sam e charge and, th erefore , the solution  
is  not h om ogen eou s. T his fact w as m entioned p rev iou sly  in connection  
w ith  the s lo w  aging of the lead  o lea te  so lu tion s even without the ap p lica­
tion  of a f ie ld .
The secon d  type of p o lariza tion  phenom ena exhibited , group  
(b), w as show n when the potentia l w as rem oved  from  the c e ll .  In m ost  
of the o b se rv a tio n s  a back current (in the r e v e r s e  d irection  of the po­
ten tia l rem oved ) i s  ob served , s e e  F ig s . 6 , 10, I I , 21, and 22. There  
a r e  on ly  a  few  c a s e s  in w hich th is  e ffec t s e e m s  to have esca p ed  o b se r ­
vation , and th ey  occu r a fter  the fie ld  has been  applied to the liquid for 
s e v e r a l  d ays or when the f ir s t  m easu rem en t after grounding the high  
e le c tro d e  w as not m ade su ffic ie n tly  quickly,
In a ll  c a s e s  w here the back current i s  ob servab le  it fa lls  to 
z e r o  in  m uch sh orter  t im e s  than th ose  w hich are  required  to build up 
the p o la r iza tio n . T h is behavior is  ch a ra c ter istic  of liquid d ie le c tr ic s  
and i s  exp lained  by the m odified  form  of the boundary conditions, as  
can be se en  from  the follow ing qualitative argum ents.
At the m om ent when the voltage i s  cut off there is  a v ery  la rg e  
con cen tration  of ions at e ither e lec tro d e , and two kinds of m otion set  
in  One i s  a d iffusion  current away from  the e lectrod e and the other
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i s  a conductance cu rrent into the e lec tro d e , s in ce  it is  assu m ed  that a 
fra c tio n  of the io n s  d isch a rg es . T h ese two cur rents ca rry  the sam e  
Sign o f ch arge  in  d ifferent d irec tio n s , and the ob served  current is  the 
d iffe r e n c e  betw een  the tw o. F or th is reason  the tim e in tegral of the  
c u rren t in the d isch a rg e  is  m uch sm a ller  than the corresponding quan­
tity  in the form ation  of the p o lar isa tion  la y er .
A s the d isch a rg e  current a lw ays beg in s in the back d irection , 
the d iffu s io n  p r o c e s s  in itia lly  outw eighs the d irect d isch arge  to the 
e le c tr o d e . H ow ever, it i s  p o ss ib le  that at a la te r  tim e (after the d if­
fu sio n  h a s  sm oothed  out the strong peak) the d isch arge  to the e lectro d e  
cou ld  b eco m e la rg er  than the d iffusion  cu rren t away from  the e lectro d e . 
T h is w ould m ean  a r e v e r s a l of the cu rren t. The r e v e r sa l actu ally  
o c c u r s  w hen the io n ic  con cen tration s (and thereby the space charge at 
the e le c tr o d e s )  a r e  su ffic ien tly  h igh. E xam ples a re  F ig s . 19 and 20 
fo r  h exane irra d ia ted  w ith radium , F ig . 29 for lead o lea te , and F ig .
22 fo r  d ip h en y lam in e. F ig . 29 w as obtained on the m o st concentrated  
lea d  o le a te  so lu tion  and F ig . 22 on the m ost concentrated  diphenylam ine  
so lu tio n .
T h ese  m ea su rem en ts  show  that in  addition to the v ery  m arked  
r e v e r s a l  of the cu rren t im m ed ia te ly  a fter  rem oving the vo ltage , a 
secon d  r e v e r sa l of the cu rren t fo llo w s w ithin the f ir s t  m inute (which 
puts the cu rren t back into the d irectio n  of the charging curren t). This  
cu rren t r ea ch es  a m axim um  and fin a lly  d ie s  out. In a few  in stan ces  
(of F ig . 29) th ere  se e m s  to be even  another r e v e r sa l of the d irection
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of the cu rren t, h ow ever, it is  too sm a ll for m uch im portance to be 
a ttach ed  to it .  It m ight be due to an effect s im ila r  to the one ju st d is ­
c u s se d  happening at m ore  d istant parts of the c e l l  s in ce  the insulated  
e le c tr o d e  i s  not p rotected  by a guard rin g .
D uring the o b serv a tio n s reported  in group (c) the current through  
the c e l l  w as a llow ed  to reach  an equilibrium  value, and then the radium  
w as p laced  in p o sitio n . A typ ica l exam ple has been plotted a s  F ig . 18. 
The cu r v e s  o f cu rren t v s , tim e show  an in c re a se  from  the equ ilibrium  
value of the cu rren t, due to the vo ltage alone, to a secon d  h igher equ i­
lib r iu m  valu e cau sed  by the action  of the a r t if ic ia lly  produced ion s. The 
am ount of ion ization  should be proportional to the vo lu m e, and the cu r­
ren t in c r e a s e  should be d ire c tly  p roportional to the ion izing in ten sity  for  
any g iven  vo lu m e and applied  vo ltage , but th ese  w ere  not te sted .
Upon rem o v a l of the radium  the current does not drop down to 
the s ta tio n a ry  value at on ce, but req u ires  an even  longer tim e than that 
for  the m axim u m  value to be reached  after the application  of the radium .
T h ese o b serv a tio n s can be con sid ered  the counterpart of those  
g iven  in group (a). It should be pointed out that the cu rren ts  ob served  
h e r e  under the action  of radium  approached saturation  v a lu es. T h ere­
fo re  , a s  w as m entioned  p rev io u sly  in connection with the lead o lea te  
so lu tio n s, th ese  ion s cannot be the ones w hich cause p o larisa tion  s in ce  they  
c o m p l e t e l y  d isch a rg e  at the e lec tro d es  (thereby causing the current to be 
sa tu ra ted ). H ow ever, th ere  are  alw ays im purity ions p resen t in the 
liqu id  (and th is i s  cer ta in ly  true of the hexane used h ere), and so  p o la r -
67
lza tio n  la y e r s  a lrea d y  ex isted  next to the e le c tro d es  before the radium  
w a s ap p lied . C onsequently th ese  la y ers  have to be destroyed  by the in ­
c r e a s e d  conduction current through the liquid before a m axim um  current 
can  be rea ch ed . T h erefore , the in cr e a se  of current a fter the application  
of the radium  in d ica tes  the d estru ction  of a p o lar isa tion  layer and not the 
fo rm a tio n  of one a s w as the ca se  in the exp erim en ts of group (a).
The r e v e r s e  p r o c e ss  occu rs  upon the w ithdraw al of the radium . 
T h ere a r e  no p o la r iza tio n  la y er s  p resen t (a saturation  cu rrent im p lie s  
an approach to  an hom ogeneous fie ld ) w hile the radium  is  in p la ce , and 
a fter  i t s  r em o v a l such  la y e r s  build up under the action  of the f ie ld . T his  
ex p la in s  why the p eriod  of d e c r e a se  i s  longer than the p eriod  of r is e  (as  
it  tak es lon ger  to build up the la y er  than it d oes to d estro y  it w ith a 
stron g  conduction cu rren t).
The above explanation i s  confirm ed  by the ob servation s in group  
(d) w h ere the vo ltage  i s  applied  (and rem oved) after the radium  is  in  
p la c e . Only when the in ten sity  of radiation  w as r e la tiv e ly  feeb le  (F ig .
17 p o sitio n  C and F ig . 19) are  th ere  m arked e ffe c ts  of p o larization .
When the rad iation  w as in ten se  (F ig . 17 p osition s A and B), the ir r eg u ­
la r it ie s  w hich m ight be due to p o larization  are  no la rg er  than the e rr o r s  
of ex p er im en t. A ctu a lly  b efore the fie ld  w as applied there w ere no such  
la y e r s ,  and con seq uently , the cu rren t caused  by the radium  s e ts  tn p ra c­
t ic a lly  at its  eq u ilib rium  value and drops down just as abruptly.
When the number of ions created  by the radiation is  not v ery  
m uch la r g e r  than the num ber of im purity  ions there w ill be tran sition a l
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c a s e s .  E xam p les of th is  a re  shown in F ig . 17 position  C and in F ig .
19. A fter the rem ova l of the fie ld  the cu rves are  very  s im ila r  to those  
d is c u s s e d  under group (b). They d iffer from  group (b) however in that 
the c u r re n ts , a fter  p assin g  through an extrem um , do not fa ll off to 
a e r o  but approach a n egative  value (which i s  a lw ays ob served  under the 
a ctio n  of radium in the ab sen ce of a fie ld  and which w ill be d isc u ssed  
la te r ) .
The "drift" m entioned p rev io u sly  throughout the text should a lso  
be stud ied  in  con n ection  w ith the d istribution  of ion s in  the space be­
tw een  the e le c tr o d e s . F ro m  T ab les II, III, IV, and V the data given  
b elow  w ere  com p iled .
The a ctu a l amount of v aria tion  of drift is  as fo llow s:
(1) lead  o lea te  ( .3 7  to 3 .7  x  10-15 a m p .) no regu lar change 
w ith tim e , a ll  m ea su rem en ts  m ade for 370 v o lts  only.
(2 ) hexane (. 0 0 0  to  1 . 8  x  1 0 * ^  a m p .), v ery  m arked d ec r ea se  
w ith tim e , m arked in c re a se  with in crea sin g  vo ltage .
(3) d iphenylam ine (. 018 to  2. 85 x  10” *^ am p. being le s s  for  
higher v a lu es  of p  ) 9 no change with tim e, m arked in ­
c r e a s e  w ith vo ltage .
(4 ) an thracen e (. 18 to 5 .9  x  1 0 ” *^ a m p .), tim e d ecrea se  
on ly  for D4 5  and D 4 7  which have low concentrations, 
m arked in c r ea se  with voltage only for higher concentra ­
t io n s .
The d rift w as a lw ays negative with the exception  of a few  c a se s
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w h ere  the actual value w as very  sm a ll. F u rtherm ore, the d rift w as
a lw a y s  la rg er  when the p o sitiv e  voltage w as left on overnight than when 
th e n egative  w a s.
As for the in fluence of prolonged exposure to the f ie ld  ( i . e .  o v er ­
night) it  can  be su m m a rised  into the statem ent that there w as alw ays a 
m u ch  la r g e r  d ifferen ce  in  p o sitiv e  and negative currents when a p ositive  
v o lta g e  w as le ft on overnight than when a negative one w as.
A d isc u ss io n  of the above findings m ust be divided into two c a s e s ,  
one w h ere  the o b serv ed  cu rren ts obey O hm 's law, and the other w here  
an approach  to saturation  cu rren ts w as ob served .
F o r the f ir s t  c a s e , the drift cu rren ts a re  approxim ately  propor­
tio n a l to  the v o lta g e  and to a rough approxim ation proportional to  the 
a v e r a g e  v a lu es  of the cu rren ts . The only c a s e s  w here the drift w as not 
proportional to  the vo ltage  w ere th ose data taken for anthracene so lutions  
w h ere  the ord er of application of voltage w as such a s  to m in im ize the 
p o la r iza tio n  e f fe c t s .  The value o f the drift v a r ie s  roughly betw een 20% 
and 35% of the a verage  value of the current for a ll the liquids u sed . In 
the m a jo r ity  of the c a s e s  the value is  about 30%. The deviations in the  
v a lu es  of the p ercen ta g es  from  an average of about 30% are probably  
due to the fa ct that eq u ilib rium  had not been reached  when the "average  
cu rren t va lu es"  w ere  taken, and a lso  to the order in which the voltage was
ap p lied .
If w e conclude then, that the drift is  proportional to the voltage  
and to  the a v era g e  value of the current, then in liquid d ie le c tr ic s  uni-
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polar conductance r e s u lts  ( i . e .  Ohm ’s  law is  obeyed, but the values of 
th e cu rren t a r e  d ifferen t in the two d irec tio n s). F or p ositive  vo ltages  
ap p lied  to  the c e l l  the conductance has one value and for negative v o lt— 
a g e s  it h as a  la r g e r  value. As an exam ple se e  the diagram  in the low er  
right hand co rn er  of F ig . 8 . Such an unipolarity of conductance has  
b een  o b se rv ed  in the ea r ly  w ork on poor liquid conductors, and J a ffe 1 ^ 9  
r e p o r ts  an e x tr em e  c a s e ,  that of CCI4 , w here the conductance in the 
n eg a tiv e  d irec tio n  i s  13 t im e s  a s  high a s  in the p o sitiv e  d irection .
U nipolarity  of conduction cannot be explained  u n less  th ere is  
a ssu m e d  so m e  kind of d ifferen ce  in the boundary conditions at the two 
e le c tr o d e s . T h is i s  b e s t  show n by the m odern theory of sem icon d u ctors. 
The p resen t ex p er im en ta l apparatus d o es  not ind icate any d issy m e try  
of boundary con d ition s, but if such  is  created  by the p a ssa g e  of the cu r­
ren t i t s e l f ,  the r e su lt  m ight very  w e ll be the one ob served . Suppose 
that the cu rren t d ep o sits  on the two e lec tr o d es  m a ter ia ls  w hich a ffect  
the co e ffic ien t OC in  d ifferen t w ays. Then the ob serv a tio n s reported  
ab ove, that the d r ift  depends in a c h a ra c ter is t ic  and se n s it iv e  way on 
the s ig n  o f the overn ight vo ltage , can be exp lained .
In th ose  c a s e s  w here saturation  current is  approached or reached, 
the d rift s e e m s  to be independent of the vo ltage , s e e  F ig s . 27 and 28. 
Such a behavior h as a lso  been o b serv ed  in the ca se  of the ion isation  of 
liqu id  oxygen by C hia-Shan P a o 9  who ob served  such d rifts  and reports  
that they can be reduced  by m in im izin g  the dead ' volum e behind the 
in su la ted  e le c tr o d e . T his in d icates that the constant drift current is  due
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to the m otion  of ion s which rea ch  the back of the insulated  e lectro d e  
under the action  of a contact potentia l. Such a current would not be 
a ffec te d  by the potentia l on the high voltage e lectro d e s in ce  the volum e  
behind the e le c tr o m e te r  e lectro d e  is  screen ed  from  that voltage.
A few  w ords should s t i l l  be sa id  about the negative charge which  
the in su la ted  e le c tr o d e  a s su m e s  under the action  of radium  radiation in  
the a b sen ce  of a f ie ld . T his e ffec t can hardly  be due to the d irect charge  
c a r r ie d  by beta p a r t ic le s  s in ce  the screen in g  adm itted gam m a rays  
a lm o s t  e x c lu s iv e ly . H ence, th is  charge should be p artly  due to the 
drift ju st co n sid ered  and p artly  to a d iffusion  current which is  esta b ­
lish ed  near a l l  m e ta llic  conductors even  in the ab sen ce of applied e le c ­
tro m o tiv e  fo r c e s .
CONCLUSIONS
The conductiv ity  of hexane, and of so lu tion s in hexane w as  
studied  by an e le c tr o m e tr ic  d. c . m ethod. E lectro ly tic  p u ri­
fica tio n  of the liquid by prolonged application  of a fie ld  was 
used  ex ten siv e ly .
The p u rest hexane sam p le obtained gave a m easu red  current 
of 1 .6  x  10” *^ am p. at 300 v o lts  after a voltage had been  
applied  fo r  72 h o u rs. The sp e c if ic  r e s is ta n ce  w as 8 . 5 x  10*® 
ohm  cm .
The sp e c if ic  r e s is ta n c e  of the anthracene so lu tions ranged  
fro m  IQ1 7  ohm  cm  to 2 .6 5  x 10*® ohm  cm . The sp e c if ic  con­
ductance of the anthracene so lu tion s varied  d irec tly  w ith the 
con cen tration . No in cr ea se  in  conductance w as found due to 
the action  of u ltra-vio let light on the d isso lv ed  anthracene. The 
p o lariza tion  e ffe c ts  w ere  shown to depend on the order of ap­
p lica tion  of the vo ltage .
The sp e c if ic  r e s is ta n c e  of the diphenylam ine so lu tion s was of 
the ord er of 5 x  101 7  ohm cm . No p h otoelectr ic  e ffec t w as 
found upon irrad ia tion  w ith u ltra -v io le t  ligh t. The solu tions  
show ed m arked p olarization  e ffec ts  upon application and r e ­
m oval of the f ie ld .
H exane, d iphenylam ine, and anthracene so lu tions obeyed  
O hm ’s law , w h ereas lead o lea te  so lu tion s exhibited saturation  
(or n ea r ly  saturation) cu rren ts .
The order of m agnitude of the conduction current in, and the  
aging of, lead  o lea te  so lu tion s reported  by w ere a lso
found in  th is  in vestiga tion .
The e x is ten ce  of a drift cu rren t w as shown by the liq u ids, and 
g en era lly  it m ade the cu rren ts  for negative vo ltages la rg er  
than for p o sitiv e  o n es .
E ffec ts  due to p o larization  w ere shown by a ll the liquids upon 
the ap p lication  and the rem oval of a voltage to the m easuring  
c e l l .
P o la r iza tio n  e f fe c ts  w ere a lso  ob served  in hexane by two m eth­
ods when radium  w as used  a s  an ionizing so u r ce .
It w as show n for a d iphenylam ine sam ple that the rate of change 
of the charging cu rren t can not be rep resen ted  by a s im p le  ex ­
ponential cu rve, but approaches such  a cu rve  a sy m p to tica lly . 
The o b serv a tio n s given  above can be co rre la ted  and explained  
by m eans of J a ffe ’s ’T heory of P olar izab le  M edia if a m odi­
fica tion  of the boundary conditions for c r y s ta ls  is  assu m ed .
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